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THE  GENERA  AND  SUBGENERA  OF  VOLES  AND  LEMMINGS. 

By  Gerkit  8.  Miller,  Jr. 

The  following  revisiou  of  the  genera  and  subgenera  of  voles  and  lem- 
mings is  chietiy  the  result  of  a  study  made  in  the  Division  of  Ornithol- 
ogy and  Mammalogy  of  the  collections  belonging  to  the  United  States 
Department  of  Agriculture.  This  material  has  been  supplemented  by 
specimens  from  my  own  private  collection  and  those  of  Mr.  Outram 
•Bangs,  Mr.  S.  Khoads,  and  Dr.  G.  Hart  Merriam.  I  have  also  had 
access  to  the  voles  and  lemmings  in  the  American  Museum  of  Natural 
History,  the  United  States  i^ational  Museum,  and  the  British  Museum. 
Thanks  are  due  to  all  who  have  placed  material  at  my  disposal,  and 
especially  to  Mr.  Oldfield  Thomas,  curator  of  mammals  in  the  British 
Museum. 

Hitherto  no  attempt  has  been  made  to  compare  in  detail  the  voles 
and  lemnungs  of  the  Old  and  iSTew  Worlds.  This  is  the  necessary  result 
of  the  poor  quality  and  small  number  of  specimens  from  the  opposite 
side  of  the  Atlantic  to  be  found  in  museums  and  private  collections  in 
both  Europe  and  America.  In  consequence  of  this  lack  of  material, 
writers  who  have  been  thoroughly  acquainted  Avith  indigenous  voles 
and  lemmings  have  either  made  no  comparison  of  these  with  exotic 
forms,  or  have  reached  faulty  or  at  least  iucomi^lete  conclusions  with 
regard  to  groups  occupying  widely  separated  geographic  regions; 

For  determining  the  relationships  of  the  different  voles  and  lemmings 
the  collection  in  the  British  Museum  offers  exceptional  facilities.  It 
contains  representatives  of  all  the  recent  genera  and  subgenera  found 
in  the  Old  World,  and  lacks  only  one  of  those  peculiar  to  America. 
The  collection  is,  moreover,  especially  rich  in  specimens  identilned  by 
the  more  prominent  writers  on  the  subject — a  circumstance  of  the 
utmost  imi^ortance. 

The  drawings  for  the  illustrations  in  this  paper,  except  fig.  9  and 
Pis.  I  and  II,  were  made  under  my  constant  supervision  by  Mr.  F. 
MiUler.  Pis.  I  and  II  were  prepared  by  Dr.  James  C.  McOonnell. 
Figs.  4,  5,  8,  and  10  of  PI.  II  were  drawn  in  ink  by  Dr.  McOonnell  from 
pencil  drawings  made  at  the  British  Museum  by  Mr.  Hollick.  Fig.  7 
of  the  same  plate  is  by  Dr.  McOonnell  from  a  pencil  drawing  by  Mr.  A. 
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NVostt'i-iiivn.  Tho  traciniis  of  onaiiu^l  ])attiMn  of  Microtis  lutcits 
and  .1/.  /((<//n-//,s' are  onlariioil  tVoiu  lios.  U),  u,  iT).  ami  Hi  ol"  PI.  XI II  of 
l>iiolinor*s  -  Wissonsohaftliolio  Kosultate  dor  von  X.  ^1.  l*r/e\valski  nacli 
Contral-AsitMi  nntornoninienon  Koisen.'  In  :12  tlio  enanu'l  i)attorns 
of  tlio  front  lower  molar  and  middle  and  back  npper  molars  are  enlarjied 
from  Mr.  llolliek's  pencil  draAving-  of  a  si)ecimen  from  Fokien,  China 
(British  Musenm  Kegister  10.  12.  5l>),  the  other  teeth  from  tio.  l,  Pl. 
XL VI  of  ]\Iilne- Edwards's  ' Kecherches  ])onr  servir  a  V  Uistoire  Xatnrelle 
des  3Iammiferes.*  Fi^-.  i>3  is  comi)onnded  in  the  same  way  from  Mr. 
llolliek's  drawini;-  and  the  original  figure  published  by  Thomas. 

THE  SUBFAMILY  MICROTIN^E  AND  ITS  MAIN  DIVISIONS. 

The  subfamily  Microiina'^  is  a  group  of  murine  rodents  closely  related 
to  the  Xcofomina^  Cricefina:  and  Mijofalpina'.'-  It  is  distinguished  from 
the  tirst  and  second  by  cranial  and  dental  characters;  from  the  last 
chiefly  by  peculiarities  in  external  form.^  While  it  is  not  the  purpose 
of  the  present  paper  to  discuss  tlie  relationships  of  the  MicrotiiKv  to 
any  of  these,  it  is  important  to  consider  in  some  detail  the  larger  divisions 
of  the  subfamily  itself  before  taking  up  the  genera  and  subgenera. 

The  members  of  the  subfamily  Microti na'  fall  naturally  into  two 
supergeneric  groups,  the  Lemmi  and  Microti^  or  lemmings  and  voles. 
The  former  includes  the  genera  Synaptomys^  Lemmus^  and  Dicrostonyx, 
the  latter  the  genera  Phenacomys,  Uvotomys,  Microtus,  and  Fiber. 

Lemmi. — Skull  generally  broad  and  massive 5  lower  incisors  short, 
with  roots  ending  on  inner  side  of  molars  (PI.  Ill,  fig.  1);  crowns  of 
maxillary  teeth  scarcely,  if  at  all,  narrower  posteriorly  than  anteriorly 
(figs.  10, 11,  and  12);  tail  usually  shorter  than  hind  foot  (in  SyncqHomys 
slightly  longer) ;  palms  and  soles  usually  without  distinct  tubercles. 

Microti. — Skull  comi^aratively  slender  and  lightly  built:  lower 
incisors  long,  with  roots  ending  on  outer  side  of  molars  (PI.  Ill,  figs.  2 
and  3);  crowns  of  maxillary  teeth  distinctly  narrower  posteriorly  than 
anteriorly  (figs.  17,  19,  21-35);  tail  usually  much  longer  than  hind  foot 
(in  the  Asiatic  si)ecies  of  Lagurus  distinctly  shorter);  palms  and  soles 
always  with  distinct  tubercles. 

In  external  api)earance  the  lemmings  and  voles  differ  considerably. 
The  former  are  mostly  thick-set  animals,  with  powerful  fossorial  feet, 
long,  dense  fur  and  very  short  tails,  while  the  latter  are  more  slender, 
with  longer  tails  and  with  the  fur  and  feet  not  so  highly  modified. 

^  =  Arvicolince  Auct.  This  name,  however,  must  be  abaudoned,  together  with  the 
generic  name  Ari  icola  (see  p.  14). 

^ z=  Siphneince  Auct.  As  Siphneus  (Brants,  1827)  must  give  place  to  Myotalpa  (Kerr, 
1792)  Csee  Allen,  liull.  Am.  Mus.  Nat.  Hist.,  New  York,  VII,  p„  183,  1895)  it  is  neces- 
sary to  make  a  corresponding  change  in  the  name  of  the  subfamily. 

•  The  characters  separating  the  Mijotalpinre  from  the  Microiina'  are  of  much  less  im- 
portance than  those  separating  the  latter  from  any  of  its  other  allies.  So  close,  indeed, 
is  the  resemblance  between  the  two  that  it  may  eventually  i)rove  necessary  to  unite 
theiji  under  one  name.    Lack  of  material  jjrevents  any  final  conclusion  at  present. 


,I(  LV,  ]S90.| 
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Altli()ii;;li  tlic  \<)1('S  Mild  l(Miiiiiiii;;s  iisii;ill y  be  (list iii^iiiislicd  at  a 

•ihiiice,  there  are  certain  «;eiiora  ami  siil)^eiiera  the  exact  position  of 
wiiicli  is  not  at  first  a])i)ai('nt.  'riius  tlic  sjx'cics  of  L((f/nrns,  althou<;li 
voles,  so  closely  r<'seinl)le  h'lniniii^s  in  eytenial  a|)|)eara]ice  tliat  their 
trite  relationsliips  lia\-e  been  only  \'ery  icceiitU  detected.  On  the 
otiier  hand,  ASi/)t((/)f<>in}/s,  a  trne  ieinniin<;,  lias  mneii  the  suix'rlicial 
a|»j>earane(i  of*  certain  Ibi-ms  of  Micro/ us. 


LIST  OF  (JFNERA  AND  Sl'HGENEiRA  OF  iMK  KOTINiE. 


(i en  era. 
Syii;ii)t()inyH. 

LiMiimus. 
Dicrostonyx. 
I'liciiiiconiys. 
Evotomys. 

MicTOtUH. 


>Si(h(/eni')<i. 
Mictoruys. 


EothenomyB. 

Anteliomys. 

Lagurns. 

Alticola. 

Hyperacrins. 

Pliaioniys. 

Pedomys. 

Pitymys. 

Chilotus. 

^Microtus. 

Arvicola. 

Neofiber. 


Fiber. 


8yn;i])t()inys  cooperi. 
SynaptoiiiyH  innuitus. 
Lenunus  leinmns. 
Dicrostonyx  torqnatiis. 
Phenaconiys  iiiterrrKMlius. 
Evotomys  rutilns. 
Microtus  arvalis. 
Mi(;rotns  inelanogaster. 
Microtus  cbinensis. 
Microtus  lagurns. 
Microtus  stoliczkanus. 
Microtus  fertilis. 
Microtus  hlythii. 
Microtus  austerus. 
Microtus  pinetoruni. 
Microtus  Oregon i. 
Microtus  arvalis. 
Microtus  terrestris. 
Microtus  alleni. 
Fiber  zibetbicus. 


The  following  groups  are  known  to  occur  in  botli  hemispheres: 

Lemuius.  Microtus  (genus  and  subgenus). 

Dicrostonyx.  Lagurus. 

Pbeuacomys?  Pitymys. 

Evotomys.  Arvicola. 

The  following  groups  have  been  found  in  tlie  Old  World  only: 

Eotbenomys.  Alticola. 
Anteliomys.  Hyperacrius. 
Pbaiomys. 

The  following  groups  have  been  found  in  America  only: 
Synaptomys.  Cbilotns. 


INIiotomys. 
Pedomvs. 


Neofiber. 
Fiber. 

GEOGRAPHIC  DISTRIBUTIOX. 


The  subfamily  Microtinw  is  distributed  throughout  the  extratroplcal 
region  of  the  Xorthern  Hemisphere.  In  the  north  some  members  of 
the  group  approach  the  extreme  limit  of  mammalian  life,  while  in  the 
south  a  few  species  enter  the  northernmost  edge  of  the  tropics.  The 
subfamily,  which  is  clearly  boreal  in  origin,  reaches  its  highest  develop- 
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inont  in  tonii>or;iU'  Iliiiopo,  Asia,  anil  North  AnuM  ica.  AltlioniiU  it  is 
probablo  that  no  species  are  oouimon  to  both  contiiionts,  five  {i'eueni 
anil  tonr  snbgonera  of  the  *ienus  Microtiis  have  a  cireunipohvr  distribu- 
tion. On  the  other  Inunl,  no  lienera  are  i>eeuliar  to  the  GUI  Worhl,  and 
only  two  are  eonlined  to  .Vnieriea.  Asia  has  hve  subgenera,  of  Microtus 
not  found  in  America,  and  ^Vnierica  has  three  not  known  to  occur  in  the 
Old  World. 

IIAIUTS. 

The  voles  and  lemmings  occur  in  great  abundance  throughout  the 
region  which  they  occupy.  They  live  in  an  endless  variety  of  situa- 
tions, from  sea  beaches  to  marshes  and  Alpine  mountain  tops,  and  from 
open  plains  to  the  densest  forests.  They  are,  perhaps,  most  numerous 
in  well-watered  grass  lands.  In  localities  where  they  are  abundant 
most  of  the  species  make  their  presence  known  by  trails  or  runways 
traced  through  the  vegetation  near  their  burrows.  Occasionally,  how- 
ever, they  occupy  hollows  in  decaying  logs  or  among  loose  rocks,  and 
use  natural  crevices  instead  of  beaten  paths.  AVhile  the  great  majority 
of  species  spend  much  of  their  time  on  the  surface,  i)rotected  by  the 
overhanging  vegetation,  a  few  live  almost  exclusively  underground, 
and  in  consequence  of  this  habit  have  acijuired  numerous  modifications 
which  tit  them  for  the  needs  of  a  subterranean  life.  Others  are 
amphibious  and  never  occur  at  any  great  distance  from  water.  At 
least  one  member  of  the  subfamily^  is  said  to  live  among  the  branches 
of  trees.  The  food  is  chiefly  vegetable,  though  most  species  occasion- 
ally eat  animal  food.  The  vegetable  food  consists  principally  of  grass 
stems,  though  roots,  bark,  leaves,  seeds,  and  fruit  are  at  times  eaten  in 
varying  (quantities.  xVs  voles  are  readily  caught  in  traps  baited  with 
meat,  it  is  probable  that  flesh  forms  part  of  their  normal  food.  Mollusks 
are  eaten  freely  when  they  can  be  obtained. 

The  voles  and  lemmings  breed  very  rapidly  during  the  warmer  part  of 
the  year.  The  number  of  young  in  a  litter  varies  from  one  or  two  to  ten. 
Five  is,  perhax^s,  the  average  number  in  the  majority  of  si)ecies,  though 
it  is  probably  less  in  those  in  which  the  females  have  only  four  mammie. 

^  Phenacomys  longicaiida  True,  from  Oregon.  In  the  original  description  of  the 
spefies  (Proc.  U.  S.  Nat.  Mus.,  XIII,  pp.  303-304,  Nov.  15,  1890)  Mr.  True  quotes  as 
follows  from  a  letter  from  Mr.  Anrelius  Todil,  who  collected  the  type  specimen:  "  It 
lives  exclusively,  as  far  as  I  have  been  able  to  ascertain,  among  the  houghs  and 
branches  of  the  Oregon  pine  trees  (Abies  douglasi),  making  a  nest  of  a  size  smaller 
than  a  robin's  nest.  It  is  usually  situated  on  the  upper  side  of  a  medinm-sized 
branch,  perhaps  6  inches  in  diameter,  and  is  composed  of  the  leaves  of  the  tree 
deftly  split  in  two  from  one  end  to  the  other  and  dried.  The  nest  is  neatly  and 
rather  ingeniously  made,  and  the  sameness  of  the  material  is  a  novelty.  *  *  * 
The  mouse  is  almost  ex<  lnsi\-cly  arboreal  in  its  habits,  but  I  think  that  I  have  reason 
to  believe  that  they  sometimes  come  to  the  ground  for  food,  as  I  have  seen  tracks  in 
the  snow  around  the  trees  which  I  think  were  made  by  these  little  animals.  They 
could  be  tracked  up  and  down  the  tree,  but  to  no  great  distance  from  it,  and  were 
most  likely  in  search  of  food." 
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Tlui  yoliii;:;'  arc  l)()rii  in  nests  iiukU;  of  soft  vc^ctiilile  lib(iis.  The  nests 
jire  usuiilly  placed  in  a  ])ni  r()\v  or  ])cncat li  shelter  of  sonic  kind  and 
vary  with  tlic  size  ol"  the  aninnils,  i)ut  arc  usnally  abont  -00  mm.  in 
diameter.  The  spec'ics  of  Fihcr  make  m^sts  containin,n-  sc\'cral  l)nshcls 
of  mat<'rial.  These  arc  conspicnons  ol)jccts  in  the  nmrslies  w  here  the 
aninnils  live.  Under  conditions  the  nature  of  which  is  not  nii(l(;rstood 
the  rate  of  increase  in  cei  tain  si)ecies  is  oeeasionally  so  enormously 
accelerated  that  an  area  becomes  overcrowded  and  the  animals  wander 
into  the  surroun(lin<i-  country  in  sear(;li  of  tbod.  So  far  as  known,  su(di 
•lemmin.j^-  migrations'  and  '  vole  plagues'  are  phenomena  peculiar  to  the 
Old  World.' 

NOMENCLATURE. 

Before  considering  the  characters  of  the  genera  and  subgenera  of 
Microtina'  it  is  necessary  to  examine  a  considerable  part  of  the  mass  of 
technical  literature  to  which,  during  the  past  hundred  and  forty  years, 
the  animals  in  fjuestion  have  given  rise.  Since  Linnaeus  published  the 
tenth  edition  of  the  Systema  datura*,  more  than  fifty  names  have  been 
.used  for  the  less  than  two  dozen  namable  superspecitic  groups  recog- 
nizable in  the  subfamily.  In  considering  their  claims  to  recognition 
the  names  may  be  best  taken  up  chronologically. 

Mus  Linnjcus,  1758  (Syst.  Xat.,Ed.  10,  i).  59),  contained  the  following 
species:  Porcellus,  leporinus,  lemmus,  marmota^  monax^  cricetus^  tcrres- 
tris,  anqyhibiuSy  rattus^  musculus,  avellanarim^  sylvaticus,  striatus^  lon- 
gipes,jaculus,  volans.    Since  two^  of  these  [lemmtis  and  terrestris)  are 

■'An  account  of  the  migrations  of  Lemmiis  hmmus  in  Norway  is  given  by  Prof.  R. 
Collett  in  Cliristiania  Videnskabs-Selskabs  Forbandlinger,  1895,  Xo.  3. 

For  description  of  a  vole  plague  in  Scotland,  see  Keport  of  the  Departmental 
Conunittee  appointed  by  the  Board  of  Agriculture  to  inquire  into  a  Plague  of  Field 
Voles  in  Scotland.    London,  1893. 

-Apparently  three,  but  ttrrestris  and  anqjhihius  are,  as  Lataste  has  already  shown, 
the  same  animal.  The  Mus  amphihius  of  Linnams  is  nothing  more  than  a  tigment  of 
the  imagination  based  on  Ray's  misconception  that  there  is  a  large  aquatic  vole  with 
webbed  feet. 

Since  the  matter  is  of  importance  as  determining  the  validity  of  the  current  name 
of  one  of  the  most  common  Euroiiean  mammals,  I  quote  Linna-us's  descriptions  in  full : 

''[Mus]  terrestris,  7.  M,  cauda  mediocri  subpilosa,  palmis  subtetradactylis, 
plantis  pentadactylis,  auriculis  vellere  brevioribus. 

'Olus  Cauda  longissima  pilosa,  auribns  subrotundis  rellere  brevioribus.  Fu.  svec. 
29.    Syst.  Xat.,  10,  n.  5. 

^'Mus  agrestis,  capite  grandi,  brachiuros.    Kaj.  quadr.  218. 

''Habitat  in  Europa'  terra  et  aqua. 

"Corpus  fuscum  subtus  pallidum,  at  non  albicans.  Caput  crassius,  ore  gibbo. 
Cauda  magis  pilosa,  quam  in  Ratto,  sed  corpore  dimido  brevier,  a  pedibus  fere  longior. 

"Hortos  Talp;v  instar  misere  effodit  palmis  licet  parvis  ;  natat  in  fossis  et  urinatur 
plantis  licet  fissis ;  Radices  arborum  decorticat,  plantarum  consumit  s.  aufert :  Pullos 
anatum  in  piscinis  occidit. 

[Mus]  amphibius,  8.    M.  cauda  elongata  pilosa,  plantis  palmatis. 

"Mus  major  aquaticus  s.    Rattus  aquaticus.  Raj.  quadr.  217. 

"Mus  aquaticus.  Bell,  aquat.  35.  t.  36. 
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Microiiiios.  it  is  nocossai y  to  see  whetlier  the  name  ean  be  applied  to 
any  uenus  of  the  subfaniily.  Linnanis  of  eouise  designated  no  type, 
bnt  snbseqnent  nsajie  has  lixed  the  name  on  the  eongeners  of  J///.v  mus- 
cuJns.  As  no  sonnd  prineiple  of  nomenehitnre  is  thus  viohited,  the 
name  Mufi  should  be  kept  in  its  present  signification. 

Castor  Linnanis,  1758  (Syst.  Nat.,  Ed.  10,  p.  58),  was  originally  jn-o- 
posed  for  the  si>eeies  Jihcr  and  moschatus,  but  in  the  twelfth  edition 
of  the  Systema  others  were  included,  among  them  the  muskrat.  The 
name,  however,  could  by  no  process  of  subsequent  elimination  be  applied 
to  the  latter. 

GUs  r>risson,  1702  (Regn.  Anim.,  j)p.  13,  113),  is  clearly  based  on 
the  (U)rmice,'  although  the  genus  includes  'la  Marmotte  de  Bahama,' 
'la  Marmotte  d'Americjue,'  'la  ]\Iarmotte  de  Pologne,'  'la  Marmotte  des 
Alpes,*  and  'la  Marmotte  de  Strassbourg/  in  addition  to  'le  Loir,'  'le 
Lerot,'  and  'le  Croquenoix.'  The  name  must,  therefore,  take  the  place 
of  Mi/o.vus  Schreber,  1781,  commonly  used  for  the  dormice.^  As  none  of 
the  species  of  Brisson's  GUs  are  Microtines,  the  name  would  not  be  men- 
tioned here  were  it  not  for  its  bearing  on  GUs  Erxlebeu,  1777.^  (See  p.  13.) 

CiiuieuJus  Brissou,  1762  (Regn.  Anim.,  p.  13),  must  also  be  consid- 
ered, because  it  invalidates  the  use  of  Cunimilus  Wagler  as  the  generic 
name  of  a  lemming  (see  page  16).^  The  genus  contained  an  assemblage 
of  forms  which  are  now  put  in  six  genera  distributed  among  five  fami- 
lies.   Dr.  C.  Hart  Merriam  has  recently  shown  (Science,  n.  s.,  I,  p. 

[Continuation  of  note  from  page  11.] 
''Habitat  iu  Europje,  Africrp  fossis,  ripis,  piscinis,  hortis. 
"Species  mihi  iion  rite  cognita. 

"Fodit  ad  fossas  et  radicis  arborum,  natat,  nrinatnr,  consumit  radices,  Hortis  et 
satis  iufe.'^tus,  capitur  Nassis  e  virgulis  confectis  sub  aqua  demersis." 

The  description  of  JIns  terrestris  is  extended  and  applies  to  the  water  rat  in  every 
particular,  while  the  diagnosis  of  M.  amjjhihins  is  very  brief  and  contains  a  glaring 
error  in  the  assertion  that  the  animal  has  webbed  feet.  That  the  common  water  rat 
was  the  animal  which  Linna*us  had  in  mind  when  he  described  Mus  terreslr'is  is 
shown  by  the  length  and  accuracy  of  the  description  and  by  his  choice  of  the  specific 
name  {Mus  terrestris  is  the  Latin  equivalent  of  the  Swedish  jordrAtta).  That  he 
never  saw  'Mus  ampliihius'  is  clearly  indicated  by  the  statement:  ''Species  mihi  non 
rite  cognita."  It  is  thus  evident  that  there  is  no  excuse  for  retaining  the  specific 
name  amphihius,  even  though  the  error  through  which  it  is  now  generally  used  has 
passed  current  for  nearly  a  century. 

Un  the  Tabula  Sj'uoptica  Quadrupediim  secundum  Ordines  Sectiones  et  Genera, 
on  pages  12  and  13,  the  name  is  introduced  as  follows: 

Cauda  longa,  vestita  pilis  ita  dispositisat  caudum  planum  efficiaut  Sciurus 

Cauda  longa,  vestita  pilis  ita  dispositis  at  caudum  rotundam  efficiaut  GUs 

"See  Merriam,  Science,  n.  s.,  I,  p.  376,  April  5,  1895. 

^Glis  Brisson  also  antedates  (rlis  Storr  (Prodr.  Meth.  Mamm.  1780,  p.  39),  jiroposed 
for  Mus  tamaricinus,  M.  longipes,  M.  cafer,  M.  sagitta,  M.  jaculus,  M.  vitidula,  M. 
avellanarius,  and  31.  glis. 

^In  the  synoi)tic  table  (pp.  12,  13)  the  name  is  introduced  as  follows: 
Cauda  brevissima  vel  nulla: 

Auriculis  longis  Lepus 

Auriculis  brevibus  vel  uullis  CuDiciihts 
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1S05)  that  by  eliniiuiitioii  Ctniiciihis  cdHda  lonfjisfiinia  liiissoii 
[  =  J)ij)i(.s  alnct((<ja  Olivier)  ])ecoines  the  type.  The  name  is  thus  unten- 
able for  any  of  the  Miii'lda',  although  Ijnnmus  Icnunu.s  is  one  of  the  spe 
cies  included  l)y  Brisson  in  tlie  j^enus. 

(Jlis  Erxleben,  1777  (Syst.  Kegn.  Anini.,  p.  358),  contained  mannota, 
monax^  C((7i(((k'n.si.s,  tschcrkcs.swu.s,  zctnuii^  lemuiKs,  mujrdtorhiH^  harahemiH^ 
arcnarius,  Uifjurus,  and  a'conomicns  \  —Mi(s  sonfjdvus  l*all.|.  Although 
this  genus  contains  two  lemmings,  the  name  need  not  Ije  considered, 
since  it  is  pre()(;cni)i('d  by  (/lis  lirisson,  1H)2. 

ArctonnjH^  Sciireber,  1780  (Plates  to  Schrebers  iSiiugtli.,  CCVli- 
CCIX,  1780),  contained  the  following  species:  mannota,  mona.i;  bobac, 
empctra^  and  citiUn.s.  Of  these  the  lirst  four  belong  to  the  genus. l>'cfo???//.v 
as  now  understood,  aiul  the  last  to  iSpcrinopJiilus.  The  latter  genus  was 
defined  in  1823  by  F.  Cuvier  (Dents  des  Mammiferes,  1823,  160-102, 
25.")),  who  restricted  the  name  Arctomt/s  to  the  group  to  which  it  is  now 
ai)plied.    Arctomija  Schreber  is  mentioned  here  only  on  account  of: 

Lagomys  Storr,  1780  (Prodromus  Methodi  Mammalium,  p.  39). 
Although  Storr  and  Schreber  bear  the  same  apparent  date,  it  appears 
jsafe  to  take  Schreber  as  the  earlier,  since  Storr  alludes  to  the  genus 
Arctomys,  and  refers  directly  to  the  'JAt.v  glareolus  Schreberi,'  a  species 
published  at  the  same  time.^  Storr  evidently  proi:)osed  Lagomys  merely 
as  a  substitute  for  Arctomys,  a  name  whicli  he  considered  inappropri- 
ate, because  the  animals  to  whicli  it  was  applied  resemble  hares  rather 
than  bears.^  It  is  thus  a  synonym  of  Arctomys  and  requires  no  further 
consideration/ 

Myocastor  Kerr,  1792  (Animal  Kingdom,  I,  Mamm.,  Syst.  Cat.  Nos. 
458-521),  included  the  coyi)u  and  muskrat.  Xo  type  was  designated, 
but  subsequent  elimination  fixed  the  name  on  the  coypu.    (See  p.  14.) 

Ondatra  Link,  1795,  (Zool.  Beytrage,  Yol.  I,  Pt.  II,  p.  7(3),  contained 
the  same  species  as  2Iyocastor  Kerr,  of  which  the  name  is  thus  a 
synonym. 

Lemmus  Link,  1795  (Zool.  Beytrage,  Yol.  I,  Pt.  II,  p.  75),  has  escaped 
the  notice  of  recent  writers.    Yague  references  to  it  occur  in  works 

iThis  name  is  apparently  antedated  by  Marmota  Blumenbach  (''Handb.  d.  Xatur- 
gescb.,  1779,''  fide  Agassiz),  I  bare  been  unable  to  Terify  tbe  reference,  and  do  not 
know  wbat  species  were  included  by  Blumenbacb  in  the  genus. 

-On  tbe  dates  of  the  parts  of  Scbreber's  Siiugthiere,  see  Sberborn,  Proc.  Zool.  Soc, 
London,  1891,  587. 

^^•^Sequuntur  in  eundem  lineni  nomina  specierum,  laudato  Pallas  pariter  ad  mures 
tractarum,  quae  mihi  genus  constituerunt,  Lagomys,  neo  Arctomys  dictum,  nam 
Lepori  aptius  quam  Urso,  comparari  posse  videantur.  DicendcB  species  nomini- 
bus  111.  Pallas  jeque  adhibitis,  ha^c  sunt;  M.  arenarius,  M.  songarus,  21.  furun- 
cuhis,  JI.  criectus,  21.  accedula,  21.  2)ha:ns,  21.  lagurus,  21.  gregalh,  21.  socialis,  21. 
cccovomus,  21.  rutiliis,  21.  glareolus  Schreberi,  21.  monax,  21.  marmota,  21.  empetra,  21. 
arctomys,  21.  citilhis,  2f.  lemmus,  21.  torquatus,  21.  hudsonius,  21.  taljnnus,  21.  capensis, 
21.  aspalax,  2f.  tgpclus"  (sic). 

^Lagomys  Storr  of  course  antedates  Lagomys  Cuvier,  1800,  the  current  name  for  the 
pikas. 
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oi'  the  early  part  t)t"  the  prosoiit  coiitnry,  but  of  late  all  traces  have  dis- 
appoartul.  Latasto  i  Lo  "Naturalisto,  Toiiu^  II.  p.  47:*),  ISmM.  after  a  loii^' 
ami  tViiilless  sean-h,  coiU'liuUnl  that  the  name  had  i)robal)]y  iie\'er  been 
publislKHl,  and  that  the  references  of  the  older  authors  were  merely  to 
Link's  manuscript.  ^Ir.  Oldlield  Thomas  has  discovered  Link's  book 
and  tinds  that  the  i^enus  /.r;>;y/M/.s' contained  tlie  species  .s'oc/Vf//.s', /^fr///r//.v, 
lemmus,  torijuatu}^,  (/hwcolHs^  and  Jnidsouitts,^  representinji'  the  modern 
genera  l.rnmtus,  Dicrosfonj/.v,  ^f}cr()tusJ  and  IJroionij/^s.  As  the  name 
jA'mnius  has  been  restricted  by  subseiiuent  authors  to  the  species 
loumus  and  its  near  allies,  a  group  to  m  hich  no  other  generic  name  has 
been  specially  ai)plied.  it  must  be  retained  in  this  sense.- 

Microtus  Schrank,  1798  (Fauna  l>oica,  p.  7-?),  included  M.  tf'rr('stri.s, 
J/,  aniphibiiis  (  =  J/.  terrcstris  Linn.),  and  M.  ^ f/rcgdrius.'  The  ^[icrotns 
terrestris  of  Schrank  is  not  the  Mus  fcrrestris  of  Linna  us.  but  tlie  com- 
mon field  mouse  of  Central  Europe,  Microfus  arraJi.s  (Pallasj.  J/,  gre- 
(/arius  Schrank,  apparently  based  on  one  specimen  from  Bettbrunn.  is 
probably  a  young  J/.  arraJis.  The  third  species.  M.  (imj)]tihius,  is  tlie 
water  rat,  Microtus  fcrrestris  (Linnanis).  Thus  the  genus  Mir  rot  ns 
originally  contained  two  species,  arvdii.s  and  terrcstris.  As  the  latter 
was  made  the  type  of  Arricola  by  Lacepede  in  ISOl.  ((rrali.s  must  be 
taken  as  the  type  of  Microtns. 

Fiber  Cuvier,  described  in  1  798  but  not  named  until  ISOO  (Tabl.  Eicm. 
de  I'Hist.  Xat.  d.  Anim,  141,  1798;  Lecous  d'Anat.  Comp.  1,  Tabl.  I, 
1800),  is  the  first  and  only  generic  name  based  exclusively  on  the  musk- 
rat.  Cuvier,  in  establishing  this  genus,  eliminated  Fiber  zibctli  ictis  from 
Mi/ocastor.  and  thus  fixed  the  latter  name  on  J/,  coypu.     See  page  13.) 

Arricola  Lacepede.  1801  (Mem.  de  ITust.,  III.,  Paris.  ISOl,  489^),  was 
based  on  ArriccAa  arnphibius  {  —  Mu.s  terrcstris  Linn.)  alone,  and  not  on 
the  European  voles  in  general,  as  often  supposed.^  Although  tlie  name 
Arricola  can  not  be  used  in  a  generic  sense,  it  is  available  tbr  the  sub- 
genus of  which  Jlicrotus  terrcstris  is  the  type. 

Hyinidwus  Illiger^  1811  (Prodr,  Syst.  Mamm.  et  AA  ium,  j).  87),  con- 
tained the  species  lernmus,  amphibius  i  =tcrrestri.s).  and  arralis,  or  the 
modem  genera  Lemmus  and  Microtus.    As  no  type  was  designated,  and 

■  Mr.  Thomas  has  kindly  sent  me  a  copy  of  the  ori^uinal  diaunosis.  It  is  as  follows : 
'•(jen,  8  Lemmus,  Lemming.  Die  Thiere  dieses  Geschleclits  kiunmeu  mit  den  ^"ol■igen 
sehr  ueberein,  aber  die  Ohren  sind  ^  iel  IcleintT  nnd  abgcrandet,  d(-r  Kur[)er 
fjedrungener,  die  Beine  verhaltuissmiissig  kiirzer,  der  Schwanz  sehr  kurz.  Anch 
Aveichen  sie  in  der  Lebensart  von  den  vorigen  ab.  Sie  n.'ihern  sidi  Arctomys.  Ilieher 
gehoren :  Muh  sociaVis,  lagnriis,  leiniaiis,  iorquains.  gJan  oJus,  liud.^iotiius." 

-See  note  on  the  names  Uradiynrus,  Mijodes,  Ilijjtudd'UH,  and  Lcinmia,  in  Actes  de  la 
Societe  Scientifique  du  Chili,  Tome  V,  pp.  XX,  XXI,  1895. 

^This  is  sometimes  quoted:  ''Tableau  des  divisions,  etc.,  de  la  class  des  mamnii- 
I'J-res,  1799."'    The  paper  was ''In  le  21  prairial  an.  7,"  thoivuh  not  ])nl)lished  nntill801. 

Lac«?pede'8  descrii>tion  is  as  follows:  '"II  C'am])agn()i.  Denx  iiicisives  sujx'rieurs 
non  comx'rimf^es ;  deux  incisives  inferieurs  tranehantes :  niolaires  sillonnees;  i)oint 
d'abajoues;  queue  velue.    Campagnol  aquati(iue— Arvicola  aniphibias." 
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as  l)()tli   LoHiHUs  and  Microlns  were  iiiclii(l<'(l  in  tlie  tlieii  iiiidi vidcd 
ociiiis  Lcmmn.s  Link,  11m'  name  JIi/piKhnis  must  lai)S('  into  synoiiyiiiy. 

Mi/odrs  Pallas,  l.Sll   (/oo--.  Kosso -As..  1  Tlij.  ciiihraccd  ten  si)e- 

cies,  now  i)la(HMl  in  tour  j-eiiera.  Tlie  si)e('ies  are:  LminiK.s,  (orqtudns, 
la<jin-Hs,  (iTOHoin  IIS.  (irnilis,  s«j-((fllis.  (/nydJis^  soclali.s.  (iHiariiis,  and 
riifilus:  tliej^-enera  :  Lrmmus  (h  nimns),  picnKsfmii/.r  (lonimi/ ii.s).  Mirrofiis 
{a'conomiis,  arrdli.s,  s(H'((tilis^  (/rcf/dlix,  social i.s,  aU'uirins,  luf/iinis),  and 
Krotomiis  [riifilns).  fSinee  Myoiles  contained  si)ecies  of  exfietly  the  siune 
ino<lern  .uenerii  as  Lemnms  Link  and  no  <:roni)s  not  included  in  tlie  lat- 
ter, the  name  is  a  synonym  of  Lcmitius. 

Ilrdcliijiinis  Fischer,  ISi:;  (Zooj.-nosia,  I,  ."xl  ed  ,  \)\).  11,  24:  III,  1814,  p. 
Tm),  contained  the  species :  arrdlis,  iniHbis,  (inqyhihius,  leiinnuH^  iorquatns, 
((lli((rius,  hhi})f<'7ihachii,  /nivus  Geoffroy,  niloticus  Geoffrey;  also  the 
'  species  duhia^ ' :  zcmnl^  (/rcfjarius,  socialise  hu/nrtis,  (jeconomns.  The  name 
is  a  pure  synonym  of  Lcmmns  Link,  unless  it  may  be  applied  to  some  of 
the  exotic  or  dubious  species.' 

AJrUroIa  Blainville,  1817  (Kouv.  Diet,  d'llist.  Xat.,  IX,  p.  ii87j,  pro- 
posed for  'le  Genre  Campagnor  is  i)rol)ably  an  erratic  mis])rint  for 
•Arricola.    No  type  is  mentioned. 

Mynomen  Eafinesque,  1817  (American  Monthly  Magazine,  II,  p.  45), 
was  based  on  Wilson's  figure  of  the  common  meadow  mouse  of  the  east- 
ern United  States.  The  name  is  thus  a  synonym  of  Microttis  Schrank, 
as  Microtus  arvalis  and  M.  pennsylranimis  can  not  be  separated  sub- 
generically. 

rsaminomys  LeConte,  1830  (Ann.  Lyc.  Xat.  Hist.,  X.  Y.,  Ill,  p.  132), 
is  the  first  name  proposed  for  the  subgenus  containing  Microtus  pine- 
tonnn.  It  is,  however,  preoccupied  by  Fmmniomys  Gretzschmar,  1828 
(Atlas  7Ai  der  lieise  im  Xordl.  Afrika.  Iste  Abth.,  Zool.  (182G),  Heft  XI, 
1828,  p.  50.  Type  Fsamniomys  ohesus  Cretzschmar)  and  so  can  not  be 
used  here.  The  date  of  Fsanimomys  LeConte  is  usually  quoted  as  1829, 
but  the  paper  on  this  genus,  although  read  on  December  21,  1829,  was 
l)robably  not  published  until  after  the  end  of  January,  1830,  since  papers 
read  January  11-25,  1830,  are  included  with  it  in  one  signature. 

Fifymys  McMurtrie  and  Ammomys  Bonaparte  both  appeared  in  1831. 

McMurtrie  (American  ed.  Cuvier's  Eegne  Animal,  I,  p.  434)  pointed 
out  that  Fsammomys  LeConte  is  preoccuined,  and  for  this  name  substi- 
tuted Fitymys.  Bonaparte  (Saggio  Distrib.  Metod.  degli  Anim.  Yert., 
p.  20,  footnote)  after  showing  that  LeConte's  name  Fsammomys  is  not 
tenable,  proposed  to  change  it  to  Ammomys,  thus  preserving  the  original 
meaning  of  the  word.^    It  is  impossible  to  tell  which  name  is  the  earlier, 

1  This  name  has  been  supposed  to  be' preoccupied  hy  Brack i/iw its  Spix  (Lataste, 
Anu.  Mus.  Civ.  St.  Nat.  di  Genova,  XX,  p.  264;  Biichner,  Wisseuscb.  Eesult.  der  von 
N.  M.  Przewalski  unternomm.  Eeisen,  I,  p.  127j.  Spix's  name,  however,  dates  from 
1823  and  wouhl  in  no  way  invalidate  Braclu/iirus  Fischer,  were  the  latter  on  other 
grounds  tenable. 

''Prendiamo  la  liberta  d'  introdurre  una  piccola  mutazioue  ortografica  nel  nome 
dato  al  nuovo  genera  dal  Sig.  LeConte,  la  quale  iion  ne  cambia  pero  il  significato." 
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but  in  iho  iiiu  oriaiiit y  I^itiimtis  slioulil  he  lotaiiuMl  as  tlu^  one  adopted 
by  all  subso(|iuMit  w  rirors. 

CnnicnlKs  Wai^ler,  IS.U)  (Nat.  8yst.  d.  Ainpliibion,  ]>.  ol),  inchided 
throe  species  (('.  lonmus,  ('.  ton{i(((t((s,  and  (\  (isj)((l((.v)  now  referred  to 
tliree  oenera  and  two  subfamilies.  The  lunne  has  been  eoninionly 
applied  to  ioniuatus  and  its  eon^eners,  but  its  use  is  invalidated  by 
Ctoiictilus  Brisson,  published  lifty-eijiht  years  before. 

Hemiotomi/s  DeSelys-Longehanips,  (Essai  mouograph.  sur  les 

Canipagnols  des  environs  de  Liege,  p.  7).  was  proposed  as  a  section  of 
Arricola  (=Microti(s)  to  include  the  species  fidrus  {  =  arvalifi)  and 
amphihius  {  =  ter}rstris).  As  each  of  these  had  already  received  a  ten- 
able subgeneric  name,  IIc))iioto)ni/s  lapses  into  synonymy. 

Finemi/s  Lesson,  183(>  (Hist.  Xat.  d.  Mamm.  et  Ois.  decouv.  depuis 
17SS,  CompL  GEuvres  de  Button,  V,  p.  43G),  based  on  rsammonn/s  phic- 
torum  LeConte,  is  a  synonym  of  Fifi/mi/s  McMurtrie. 

Lagurus  Gloger,  1841  (Gemeinniitz.  Hand-  u.  Hilfsbuch  d.  ^'aturge- 
schichte,  I,  pp.  XXXI,  97),  is  the  earliest  available  name  for  the  sub- 
genus of  which  2Ius  lagurus  Pallas  is  the  type.^    (See  footnote,  p.  19.) 

'  Die  ronton  ij.r  Gloger,  1811  (L  c,  pp.  XXXI,  97),  is  the  tenable  name 
for  the  genus  usually  known  as  Cuniculus  Wagler.^  This  name  has 
escaped  notice  until  very  recently.^ 

Xeodon  Hodgson,  1819  (Ann.  &  Mag.  Xat.  Hist.,  2d  ser.,  Ill,  p.  1M)3), 
is  a  synonym  of  Jlicrotus,  as  its  type,  X.  sil'limensis  Hodgson,  can  not 
be  separated  subgenerically  from  Jlicrotus  arvaUs. 

JlyoJemmus  Pomel,  1851  (Ann.  Sci.  Soc.  Auvergne),*'  is  a  synonym 
of  Dk'rostonijx  Gloger.  This  statement  is  made  on  the  authority  of 
Trouessart  (Cat.  Mamm.  viv.  et  foss.,  Eodentia,  Ft.  II,  p.  15(3,  1881).  as 
I  have  had  no  opportunity  to  verify  the  reference. 

Misothermus  Hensel,  1855  (Zeitschr.  der  Deutsch.  geolog.  Gesellsch., 
YII,  p.  192),  is  stated  by  the  author  to  be  based  on  MyodcH  torquatus 
Pall.  It  is  thus  antedated  by  2Iyolemmus  Pomel  and  Dicrosionyx 
Gloger. 

Pedomys,  Chilotus,  and  Synaptomys  are  three  names  i)roposed  by 
Baird  in  1857  (Mamm.  X.  Am.,  x)p.  516,  517,  558).  All  are  tenable  for 
the  groups  to  which  they  were  applied.  Fedomys  and  ChUotns  are  sub- 
genera of  Microtus.  Their  types  are  Microtus  amterus  and  2[.  orcgoniis, 
respectively.    SynajJtomys  is  a  genus,  with  *S'.  cooper i  as  the  type. 

'Gloger's  description  is  as  follows:  ^' Theils  auf  dem  Ural  und  anderen  Gebirgen, 
tlieils  aucli  in  tieferen  Gegendeu  Sibiriens,  giebt  es,  drei  oder  A'ier  andere  Arten  mit 
kleinen,  rundlicbeu  oder  spitzigen  Daumiiiigeln  und  v^ou  einfacherer  Fiirbung 
(Lafjurus),  die  zum  Theile  nicht  weuiger  zum  Wanderii  geneigt  scheinen.  Z.  B.  L. 
migiaiorius." 

^Gloger  says:  "Von  deu  nordamerikanisehen  Lemmingeii  zeichueu  sich  manche 
durch  ein  Paar  hoehst  sonderbare  (gleichsam  doppelte)  Vorderkralleu  aiis,  die  2  oder 
gar  3  Spitzen  liber  eiuander  zn  baben  scbeinen,  weil  sie  imter  dea  Xiigeln  grosse, 
harte  Ballenhervorragungen  besitzen.  Sie  konneu  daber  Gabelkraller  (Dicrostoiiyx) 
Leissen."' 

^^For  a  paper  ou  Gloger's  generic  names  for  maumials,  stm  Tbomas,  Ann.  Mag. 
Nat.  Hist.,  6th  ser.,  XV,  Feb.  1, 1895. 
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I'aliKlicola  lilasiiis,  1.S57  (I''jiuii;i  der  W  irlx'ltli.  I )culs(;lil.,  \U\.  I, 
Siiu<4ttliiei'e,  ]).  333),  a  siibj^eiius  oC  A  n  icola  {  =  Microtns),  contained  tlie 
sjx'cics:  (i)nphihii(s  (  =  (<'rrestris),  uirfdis,  r((tl iccpa.  As  tlie  lirst  is 
a  nieinlx'i-  ol"  th(3  subgenus  Arricola  and  tlie  otlieis  each  a  true  Micro- 
lus,  tlie  name  can  not  be  used.  Moreover,  it  is  i)r(joccupied  by  Paludi- 
cola  W  aaler,  IS.'iO  (Nal.  Sys(.  d.  Amjiliibien,  ]).  liOO,  tyjie  J>u/(>  albl/'rons 
Sl.ix). 

^{f/n'cold  i')I;isins,  1S57  (1.  (*.,  \).  3.'>1),  was  ju-oj^jsed  as  a  siibgeneric 
name  for  Microfu.s  (((jrcsfis.  The  dillerences  Ixitween  this  si)ecies  and 
the  allies  of  M.  ((rvdlis  are  too  slight  to  entitle  the  grou[)S  to  rank  as 
distinct  subgenera;  but  assuming  that  it  were  desirable  to  sei)arate 
them  the  name  Agricola  would  be  antedated  by  Mynomes  IJafinesque, 
1S17,  based  on  ^^crotHs  pcnusyl ninicufi^  a  form  whose  superspeciflc 
characters  are  exactly  similar  to  those  of  M.  agrestis. 

rha'wmys  lUyth,  18();3  (Journ.  Asiat.  Soc.  Bengal,  XXXII,  p.  89),  is 
the  first  and  only  tenable  name  proposed  for  the  subgenus  having 
Microtm  blyihi  as  the  type. 

Ochetomys  Fitzinger,  18G7  (Sitzungsb.  K.  Akad.  Wiss.  Wien,  LVI, 
June,  1807,  p.  47),  included  the  water  rats  of  Europe.  It  is  thus 
equivalent  to  Arvlcola  Lacepede. 

Praticola  Fatio,  1807  (Les  Campaguols  du  Bassiu  du  Lenum,  p.  3G), 
is  a  subgenus  oi  ArvicoJa  {=Micyotus)  containing:  amphihius  (  =  terres- 
iris),  nivaUsy  arvalis,  ratticeps^  and  campestris  (  =  arvalisf).  As  all  of 
these  are  species  either  of  Microtus  Schrauk,  or  ArvicoJa  Lacepede, 
the  name  Fraticola  can  not  stand.  Praticola  is,  moreover,  i^ireoccupied 
in  ornithology. 

>Sylricola  Fatio,  1867  (1.  c,  p.  03),  based  on  Microtus  agrestis  is -exactly 
equivalent  to  Agricola  Blasius,  1857.  The  name  is  preoccupied  in  ornith- 
ology, entomology,  and  conchology. 

Tcrricola  Fatio,  1807  (1.  c,  p.  73),  contained  AUcrotus  subterraneus  and 
sarii.  The  name  is,  however,  preoccupied  in  conchology  by  Terricola 
Fleming,  1828. 

Isodelta  and  Anaptogonia  Cope,  1873  (Proc.  Am.  Philos.  Soc,  XII,  p. 
87),  are  the  tenable  names  for  two  extinct  subgenera  found  in  the  Post- 
pliocene  cave  deposits  of  Pennsylvania.  Their  types  are  21icrotus 
speothen  and  M.  Matidens,  respectively. 

Evotomys  Cones,  L874  (Proc.  Acad.  Xat.  Sci.  Phila.,  p.  180),  is  the 
tenable  name  for  the  genus  of  which  Mus  rntilus  is  the  type. 

2Iicrurus  Forsyth  Major,  1870  (Atti  delta  Societa  Toscana  di  Sci. 
ITaturali,  III,  fasc.  I,  p.  120),  founded  on  Mina  Palumbo's  description  of 
Arricola  nehrodensis  (a  Pitymys),  is  preoccui^ied  by  Jlicrtira  Ehrenberg, 
1831,  a  genus  of  Vermes. 

Alticola  Blanford,  1881  (Journ.  Asiat.  Soc.  Bengal,  L,  pt.  2,  p.  93),  is 
the  only  name  proposed  for  the  Asiatic  subgenus  with  Microtus  stolicz- 
Jcanus  as  type. 

Eremiomys  and  BorioiJcon  Polyakoff,  1881  (Mem.  Acad.  Imp.  Sci.  St. 
10933— Xo.  12  2 
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rotiMsl)(»uru.  suppl..  p. .)  n.  bastnl,  rcsptn't  i  voly,  on  M  hs  I<(</un(S 

Pallas  ami  Miis  ^>?•^///(r//^v  Pallas,  aro  synonx  ins  of  l,(((/}(rus  (lloiior  and 
hicrostoii i/.r  iWo^^cv. 

Xtofilnr  Trno.  ISS-l  (ScicMUM^  \\ .  p.  ;>1).  was  dcsciibi'd  as  a  i;(muis 
with  .V,  (dlnii,  the  only  known  s)»iH'it\s,  as  type.  Recently  it  has  been 
slu>wn  that  tho  charactors  of  the  animal  nvv  not  onon^^h  to  separate  it 
jienerically  iVoni  Microtiis,  ot  which,  however,  Xrojihcy  tbrnis  a  well- 
marked  snbg:enus.' 

Ldsiopodomj/s  Lataste,  1887  (Aunali  del  Mns.  Civ.  di  Storia  ^'atnl•ale 
di  (lenova,  ser.  l*a,  Yo}.  IV,  ]>.  -(>8),  is  a  synonym  of  Phaionii/s  l>lyth, 
18tM.  the  species  on  which  the  two  names  w^ert^  based,  Microfu.s  hnoulti 
Kadde  au(l  Mieroius  hlyihi  P>Liuford  {  —  M.  Icucurns  P>lyth  nee  Arricola 
Icucurus  Gerbe),  respectively,  beini;-  in  no  way  separable  subgenerically.- 

rh()i((c<)nii/s  Merriam,  1889  (North  Am.  Fauna,  ^N'o.  2,  p.  28),  is  the 
tenable  name  for  the  lienus  of  which  Phcnacowijn  IntcrmecUus  is  the  type. 

Campicohi  Schulze,  1890  (Sclirifteu  Naturwiss.  Vereins  d.  Ilarzes  in 
Wernigerode,  V,  p.  21).  is  a  subg^enus  formed  for  the  reception  of  the 
species  Microtiis  (irr<(J(s,  M.  suhtcrrcoicus,  and  J/,  campcstris.  It  is 
thus  a  conjpound  of  two  subgenera,  Microtus  {arralis  and  campcstris) 
aiul  Piiymys  [su}>icrr(i)H'Hs\.  ea.ch  of  which  has  ])revi()nsly  received  a 
tenable  name.  Campicola  is,  moreover,  preoccupied  in  ornithologj' 
(Swainson,  1827). 

Bramus  Pomel.  1892  (Comptes  Eendus,  Paris,  CXIY,  p.  1159),  is 
based  on  a  mandible  and  the  teeth  of  botli  jaws  of  a  rodent  from  the 
Quaternary  phosphorites  of  Trara  de  Xedroma  near  Ain-Mefta,  Tunis. 
Although  the  author  compares  this  fossil  with  the  bones  and  teeth  of 
the  water  rat,  he  points  out  such  striking  differences  between  the  two 
that  it  is  very  doubtful  whether  Bramus  can  be  considered  a  member 
of  the  subfamily  Microtintc.    (See  p.  73.) 

Aulacomys  Ehoads,  1894  (American  i^aturalist,  XXYIII,  p.  182), 
although  based  on  an  abnormal  specimen,  is  the  tenable  name  for  a 
group  of  American  water  rats,  should  the  latter  be  considered  sub- 
generically  distinct  from  Arvicola.  The  peculiarities  of  the  original 
S])ecimen  of  ^^^crotns  arvicoJoides,  the  ty])e  of  Aulacomys^  are  such  that 
the  group  was  originally  given  full  generics  raidv. 

Mictomys  True,  1891  (Proc.  U.  S.  Xat.  Museum,  XYII,  Xo.  999, 
\).  212,  Advance  Sheet,  April  20),  was  i)ro])osed  as  a  full  genus  with 
Mictomys  Iniiuitus  True  for  the  ty])e  and  only  known  species.  The  name 
is  tenable,  but  the  group  is  only  a  subgenus  of  Synaptomys? 

Tetramcrodon  Ehoads,  1891  (Proc.  Acad.  Xat.  Sci.  IMiila.,  p.  282),  is 
the  most  re(;ent  synonym  of  Microtus.    The  author,  as  I>lasins  had 

''J  riie.  Jicp(nt  of  the  Smithsonian  Institution  for  i88k  Part  II,  pp.  .325-330,  PI.  II. 
Merriauj,  Xoitli  American  Fauna,  Xo.  o,  p.  00,  1S90.  (Jliapman,  lJull.  Am.  Mns.  Nat. 
Hist.,  New  York,  VI,  p.  334, 1894. 

2See  Actes  <hi  la  Socir^tc  Soientifu|ne  du  Chili,  IV,  p.  (JLXXXVIII,  1894. 

3  See  Merriam,  Proc.  Biol.  8oc.  Washington,  X,  \y.  .57,  1896. 


J  IT,  V,  1800.1  llI>'l'OK'V    Ol"   CI.ASSII'K  A  riONS.  19 

;iIi(M<ly  (loiK^  iieiii'ly  forty  .Ncai  s  Ix'Corr,  divides  tln'  siih^ic^iins  Arricola 
(  -  MIcro/us)  into  \\vt>  <:r<)iii)s.  Imsed  on  tlic  stnictuic  of  tlic  middle. 
M|)|)('r  molar.  To  llic  spccii-s  willi  tiiis  lootli  IoiuhmI  of  pii^ms  lie 
rcsti-icts  I  lie  name  Mi/ii<>iiirs,  w  hile  lo  1  hose  wilii  tiic  same  tooth  iiiad(^ 
lip  of  oidy  four  prisms  he  applies  the  wvw  name  Tclrn imrodoii .  'V\\v 
(■iiara<'lrr  in  (pM'slion  is  far  loo  tri\  ial  to  ser\'e  alone  as  the  l)a>is  for  ;i 
siil>.<;-enns.  1  f,  how<'ver,  the  advisability  of  sn'odividin;;-  tlie  ;;-enns  aloiif^ 
sneli  narrow  lines  be  a(bnitted,  (he  name  Tr(ty( ntrrorloii  still  becomes  Ji 
synonym  of  Microliis,  sim-e  M.^rralis,  the  t\|»e  of  the  latter,  is  itself 
a  species  with  the  middle  npjx'r  molai'  Ibnr  ])aried. 

IllS'i'()i;\    OF  J'OliMEIi  CLASSll  I('A'I'K)NS. 

The  most  important  stndies  of  the  various  _<;r()iii)s  of  Microtimr^  but 
inoi-e  especaally  of  lln^  snb<;enera  of  Mlcrotus^  are  those  of  J)(i  Sc'lss 
Lon.ii-clnimps  (IS.'W;  to  1S(;l>),  Idasins  (IS;")?),  Baird  (1857),  Fatio  (1807), 
Cones  (1871),  lilanfoi'd  (1881),  and  Lattistc  (18S7).  The  mimes  used  by 
these  authors  for  the  subdivisions  of  Mlcroinn  a(h)])ted  in  the  present 
(dassilieation  are  shown  in  tlu^  accompanying'  table: 


l\ihU'  of  \(tiiies  iisrd  liif  Jiilhoys  for  the  Suht/ciierd  of  Microtus. 


Nanios  iisod 
in  tho  ] (res- 
ent i)ai(er. 

Do  Si'ly.s 
L(>ii}i:cliaiui)s, 
183G  to  1862. 

Bla8iu.s, 
1857. 

3iair(l, 
1857. 

ratio, 
1867. 

Cones, 
1874. 

Blaiiford, 
1881. 

Lataste, 
1887. 

Arricola  

llcmiotoniiin 
1     rvicola  . . . 

\       1/11 01)1       .  . 

jric.rofK.'i .... 

rcihidiroln 

A rvicola 

(part). 
A(jricoln  . . 

A  rvi  cola 
(part). 

Praticola 
(part). 

Praticola 
(part). 

Sylvicola.  . 

Ti-rricola. . 

A  rrirold. 

Microtus. 
Pitymi/s. 

Laaioixido- 
mys. 

MIcriitK^  

ritf/mi/'i  

Pcdomys  

JFeniidto- 

unjs. 
ritymys  . . 

Myonomes 
Pitymys-  .. 

Keo  do  n, 
(part). 

I'aliidicola 

Chilohis  . 

Chilotns 

Allicola ... 
A  Iticola 

part  ?. 
X e  0  don 

(part). 

Uyperacrhis 

De  Selys  Longcliamps  imblisbed  two  extended  papers  on  tlie  Euro- 
pean Mic)'otina\  and  later  a  note  supplementary  to  tbe  first  of  tliese. 
The  first  paper  appeared  in  183G  under  the  title  ^Essai  Monograpbirpie 
sur  les  Campagiiols  des  environs  de  Liege/  In  this  the  author  showed 
that  hitherto  the  voles  had  been  divided  into  two  groups,  according 
to  their  habits,  the  aquatic  species  being  separated  from  those  that  are 
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Strictly  trriH>slial.  Tliis  provod  iiiKsatislactovy  bocaiise  the  two  were 
toiiiul  to  intoiiiiado  inipt'rceptibly.  IUmu'o  ho  proposed  to  rearrange 
the  species  ai'eordiiiji"  to  the  leiiiith  of  the  inus.  The  lirst  division,  or 
that  in  wliich  the  ears  are  extremely  short  or  api)arently  absent,  he 
named  ]I(  iii iotonii/s.  This  the  anthor  snbdivided  into  two  sections, 
neither  of  whieh  he  named.  The  lirst  contained  one  species,  Arricola 
fulrus  {=MicrotKs  ((rralifi),  distinguished  by  its  short  tail  and  by  the 
supposed  absence  of  external  ears.  The  second  contained  the  water 
rat.  To  Arricol((  {=Mi('rotiis)  proper  were  referred  the  three  species, 
arvalis^  subterraneus,  and  ni/esceus  {  =  Erof<>mijs  (flarcolus).  Six  years 
later,  in  liis  Etudes  de  ]Microniammalogie,  De  Selys  Longcliamps  fol- 
lowed the  same  system  of  classilicatiou,  but  considerably  extended  it 
and  included  species  from  Asia  and  Xorth  America.  This  later  scheme 
is  as  follows : 

The  genus  is  lirst  divided  into  two  sections,  one  of  which  consists  of 
species  with  ears  shorter  than  the  fur  and  with  very  small  eyes,  the 
other  of  species  with  the  ears  as  long  as  the  fur  and  with  the  eyes  well 
developed.  The  tirst  section  contains  two  groups,  (1)  Hcmiotomy.s  with 
the  Euroi^ean  water  rats  and  the  American  Arricola  riparius  {=Microtus 
2)ennsi/1ra}ncus),  and  (2)  Microtus  with  the  species  fuJrus,  sarii,  occonomus^ 
and  certain  American  forms  not  mentioned  by  name.  The  second  sec- 
tion is  divided  into  three  groups:  (1)  Arricola  with  the  species  mbter- 
raneus,  arralis,  gregalis^  alUarius^  duodt'cimcostatuH^  and  sociaJis;  (2) 
2[yo(les  with  the  two  species  riihidus  {=Urotom)js  (jlareolus)  and  rutilus 
[=Evotomys  rutilus) ;  (3)  Mynomes  with  the  species  pratnisis  (=2Iicrotus 
pennsylranicus).  These  groups  and  sections  the  author  considers  in  no 
way  entitled  to  rank  as  genera  or  subgenera.  He  names  them  merely 
for  convenience.  ^  In  a  postscript  published  at  the  time  of  distribution 
of  the  last  copies  of  the  Essai  Monograx)hique,  twenty-six  years  after 
its  appearance,  the  author  makes  a  few  corrections  in  the  classification 
Ijreviously  adopted.  He  points  out  that  his  Arricola  fulrus  is  merely 
a  young  specimen  of  A.  arvalis  that  by  accident  had  lost  its  external 
ears,  and,  furthermore,  that  the  species  suhterraneus  should  be  trans- 
ferred to  the  section  Microtus. 

The  classification  as  finally  perfected  is  as  follows: 

Genus  Arvicola: 

Group  Hemiotomys  (water  rats). 
Group  Microtus  ( suhierraneus  and  savii). 
Group  Arvicola  rtyi)ieal  voles). 
Groujj  Jfijodrs  {(jhirtolus). 
Group  Mynomes  (pennsylvanicus). 

i.Je  dois  prr-venir  que  je  m'ojjposerais  entilTeiiient  ii  I'elevation  d'aucune  de  ces 
sections  au  rang  de  genre  ou  de  sous-genre.  Toutes  passent  de  Tune  a  I'autre  par 
des  nuances  insensihles  dans  la  longueur  de  la  queue  et  des  oreilles;  et,  quant  au 
caracti-re  tiro  de  la  raclne  des  dents,  il  est  probable  qu'il  existe  a  un  degrd  plus  ou 
moins  fort  chez  d'autrcs  espc-ces.  8i  je  me  suis  perniis  d'imposer  a  ces  groupes  des 
noins  latins  X)ri8  ijarmi  les  synonymes  du  genre,  ce  n'est  nullenient  pour  qu'ils  puissent 
etre  introduits  dans  la  nomenclature  hinaire,  mais  x)our  donner  aux  6trangers  Tidde 
des  divers  noms  que  j"ai  employes  en  frau^ais.    (Micromammalogie,  p.  87.) 
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Tlic.  ^■r(ni|)s  II('ini<>(oi)ii/s^  MicrofKs,  and  Arrlc<>l<i  of  Do.  S(''lys  Loiif^- 
('Ii;iinj)S  ',\\'{\  exactly  (M|iii valciit  rcsix'cl ivcly  to  tlic  sub^^cnera  Arrlcola, 
/'/////y/y/.v,  and  M  icrof  iis  ol'  tlic  present  |)a|)<'r,  while  J///o^/^'.s  is  t  lie  same 
as  tlie  <;('nus  Erotouti/s.  'J'lie  ^rouj)  Mi/iunnrs  bas(!(l  on  Jv*aiines(iiie\s 
(lesci  i])t  ion  ol"  M ijnotncs  jrratriisiH  {  =  M icrol n.s  pcinisi/l vanicus)  slionld  be 
united  willi  A  rincola  {Microf  iis,  -as  now  understood),  a  course  wbieli  the 
author  no  doubt  wouhl  have  (bllowed  liad  he  been  a(;(|uainted  witli  tiie 
type  species, 

Blasius  i)ublislied  in  IS.")?,  in  liis  'Fauna  der  Wirbeltliiere  Deutsch- 
lands,'  a  elassili(;ation  of  the  voles  based  primarily  on  the  pattern  of 
enamel  folding  in  the  first  and  second  molars  of  the  lower  jaw  and  the 
second  molar  of  the  ui)])er  Jaw.  This  system  differs  in  many  ways  from 
that  of  De  Selys  Long(;hami)s,  and  is  as  follows: 

Ciomis  Arvicola  : 

Subgenus  llijpudans  (f/Jareohis). 

Subgenus  Pahulicola  {(tmphihius  l—ierresfrin^,  iiiv<(Ji.s,  raiiiceps) 
Subgenus  Agricola  {agrestis). 
Subgenus  Arvicola: 

A.  Arvicola  {campestris,  arvalis). 

B.  M'lcrotiis  De  Sdlys  2)art  {suhterraneu8,  savii). 

The  subgenus  Arvicola  Blasius  subdivides  into  two  sections,  A. 
Arvicola  and  B.  Microtnft  De  Selys  (part).  The  former  includes  the 
si)ecies  campesfris  and  arvalis,  the  latter  snhterraneus  and  savii.  The 
subgenus  llypiuhvus  and  the  section  Microtus  are  equivalent,  respec- 
tively, to  the  genus  Evoiomys  and  the  subgenus  Pityrnys  of  the  present 
paper.  Of  the  other  groups,  the  restricted  Arvicola  contains  the  typical 
species  of  the  subgenus  Alicrotus^  Agricola,  a  slightly  aberrant  form  of 
the  same,  and  Paludicola,  the  subgenus  Arvicola  and  two  aberrant 
members  of  the  subgenus  Microtus. .  ]]lasius's  subgenera  Paludicola  and 
Arvicola  are  excellent  illustrations  of  the  unnatural  results  of  a  vsystera 
of  classification  based  on  one  set  of  characters.  AVhile  there  is  a  general 
similarity  between  the  enamel  pattern  of  the  three  vspecies  associated  in 
the  former,  Microtus  tcrrestris  differs  from  M.  ratticcps  and  Af.  nivalis 
in  the  form  of  the  skull,  the  number  of  plantar  tubercles,  the  quality  of 
the  fur,  and  iu  the  presence  of  large  musk  glands  on  the  sides.  In  the 
subgenus  Arvicola  Blasius  associates  two  of  the  most  distinct  subgenera 
of  the  genus  Alicrotus  {^ficrotus  and  Fitymys\  and  treats  the  differences 
in  the  number  of  mamma^  and  footpads,  form  of  skull,  and  size  of  eyes 
as  matters  of  trilling  importance  in  comparison  with  the  general  simi- 
larity of  the  enamel  pattern.  On  the  other  hand,  the  author  recognizes 
Agricola  as  a  full  subgenus,  when  the  chief  character  on  which  the  group 
is  based  is  the  presence  of  a  minute  supplemental  i)ostero-internal  prism 
on  the  middle  upper  molar. 

The  classification  adopted  by  Baird  (Mamm.  X.  Am.,  1857)  is  based 
on  a  combination  of  characters,  and  is  thus  much  more  satisfactory 
than  the  artificial  arrangement  published  almost  simultaneously  by 
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lUasius.     His    tlassitii-atioii  of  sub(li\isioiis  of  MIcrotiis   is  as 

follows : 

(.Jon us  An  icoln  : 

Subijoiuis  Hiipitihvuii  (i/aitiuri\. 
SubgtMius  Jn  h'ohi  i^X\]ncix\  volt's\ 

Si'ctlDU  JlemioioiiniK  (most  dt'  tlic  Anu'rican  sprcios  and  tlu>  I  jiropcaii 

mjn'stis). 
Section  Chilotufi  {orcyoiii). 
Si'i'tion  rtdomifs  (ait-sfcnis). 
Section  PHinnji-s  (jtincioniiii). 

liaird's  siibiieiiora  ]Ii/])i((l(nis  and  Arricola  are  equivalent  to  the 
<ienera  Ju'otomi/s  and  Microtus  of  the  i)reseiit  paper,  Miiile  his  sections 
ChihftuSj  redomi/Sj  and  Fiti/mys  are  equal  to  the  subj^enera  of  the  same 
names.  The  section  Jlemiotounjfi  of  Baird  is  the  xirvicola  of  De  Selys 
Longclianips.  and  the  subgenus  Microtus  of  the  present  i^aper. 

In  18G7  Fatio  published  a  classification  of  the  Euroi)ean  voles  in  a 
l>aper  entitled  'Les  Canii)agnols  du  liassin  du  Lenian.'  This  arrange- 
ment is  essentially  the  same  as  that  of  Blasius.  Fatio,  liowever,  recog- 
nizes Uj/2)U(hvus  [  =  IJvofo))n/s)  as  a  full  genus,  and  raises  the  second  of 
Blasius's  two  sections  of  the  subgenus  Arricola  to  the  rank  of  a  sub- 
genus, while  the  first  he  unites  with  Microtus  terrestris,  M.  nitidis, 
and  ^^.  ratticcps  to  form  the  subgenus  rraticola.  He  also  arbitrarily 
changes  the  names  of  certain  groups.    His  classification  is  as  follows: 

Genus  Hypudirus  {(jlareohis). 
Genus  Arvicohi. 

Subgenus  Praiicola     amphUiius,'  nivalis,  arvalis,  raiiiceps,  campestris). 
Subgenus  Sylvicola  (agrestis). 
Subgenus  TerricoJa  (subferrantus,  navii). 

The  subgenus  TerricoJa  and  the  genus  Ilypudicus  are  equal,  respec- 
tively, to  the  subgenus  ritijrnys  and  the  genus  Evotomys  of  the  present 
l)aper.  The  subgenus  Sylricola  is  equivalent  to  the  snhgeinis  Agricola 
of  Blasius,  like  it  containing  the  pentamerodont  species  of  the  subgenus 
Microtus.  The  subgenus  FraticoJa  includes  the  trs'pe  si)ecies  of  both 
Arvicohi  and  Microtus,  together  with  three  other  tetramerodont  species 
of  the  latter. 

In  1<S7J:  Dr.  Coues  published,  in  tlie  Proceedings  of  the  Academy  of 
Xatural  Sciences  of  riiiladelphia,  an  abstract  of  his  monograph  of 
the  Xorth  American  Murida*,  which  appeared  in  full  in  ^'ol^nle  XI 
of  the  Beport  of  the  United  States  Geological  Survej'  of  the  Terri- 
tories (Monographs  of  Xortli  American  Bodeiitia).  Here  he  presented 
a  classification  of  the  American  Microtinw  based  primarily  on  Baird's 
review  of  the  group.  Thedifferences  between  the  arrangements  adopted 
by  Baird  and  Coues  are  so  slight  that  a  few  words  oidy  are  necessary 
in  regard  to  the  latter.  Dr.  Coues  recognizes  the  red- backed  mice  as  a 
distinct  genus,  which  he  calls  IJvotomys,  after  showing  that  the  name 
Hypudmis  generally  used  for  the  group  is  untenable.  The  subgenera 
of  Microtus  adopted  by  Dr.  Coues  are  exactly  equivalent  to  Baird's 
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sections  of  liis  tsjiical  sul);;('iius  Arricohi.  Dv.  (Joues  ])()ints  out 
lliiivd's  cnor  in  the  npplictMl  ion  of  the  iijiinr  1 1  cniiotonniH  I)e  Selys 
Lon^('li;iini)s,  and  sul)stitnt('S  for  tli<*  hitler  Hie  e(|n;il]y  nntenable 
Mf/n<))nrs  I{alines(|ne. 

In  ISSl  lilanlord  proposed,  in  the  .loiiriial  of  i  he  Asiatic.  Society  of 
Ilen^al  (X'oh  L,  Tt.  II,  i)p.  SS-117),  a  classilication  of  tli(i  voles  of  the 
IIiinahi\as,  Tih<'t,  and  Afyiiainstan.  'Die  species  o(;curring  in  this 
re<;ion  lie  arran^^'es  in  three  sections,  thus:' 

(iemis  ArvU'ola : 

Section  I'dliidicold,  (hli/llii,  iiKnidrianits). 

Section  Aliicola  {stoViczkauns,  strdchci/i.  roi/hi,  hlanfordi ,  n  ijunei). 
Section  Xcodon  (sikkimensin,  mchowf/dsh  r). 

Blanford's 'sections' Pa/z/rfic'o/rt  and  Xaodoii  are  excellent  instances 
of  unnatural  classifications  based  on  single  characters.  Microtus  hlythi 
and  ^^.  mamJrimiufi  are  si)ecies  of  rhaiomijsi^  a  subgenus  which  differs 
from  the  Avater  rats  or  from  Microtus  {Microtus)  nivalis  and  jlf.  {M.)r(it- 
ticips  (all  of  which  were  included  by  Blasius  in  Faludicola)  in  many 
important  characters.  B(»cause  there  is  a  general  likeness  in  the  pat- 
tern of  enamel  folding  they  are  united  under  one  superspecilic  name. 
Again,  Blanford  places  in  the  section  Xeodon  the  species  Jf/r>'o///.s- .s //.H- 
mcnsis y^\hi(!\i  is  a  slightly  abnormal  ]nend)er  of  the  subgenus  Microtus, 
and  Microtus  melanogastcr,  a  species  with  the  bony  palate  formed  exactly 
as  in  the  red-backed  mice  [Evotomijs).  These  members  of  widely  dif- 
ferent groups  are  brought  together  on  account  of  a  very  superficial 
likeness  in  enamel  pattern.  Blanford's  section  Alticola  is  probably 
equal  to  the  subgenera  Alticola  and  Hyper acrius  of  the  present  i)aper, 
though  it  is  still  a  matter  of  doubt  whether  it  actually  included  any 
mend)ers  of  the  latter. 

The  most  recent  classification  of  the  subgenera  of  Microtus  is  that 
proposed  by  Lataste.  This  author  has  published  two  important  papers 
on  the  subject,  the  first  in  Le  Xaturaliste  (Tome  II,  pp.  323,  324,  332- 
331,  312,  313,  347-349,  18S3),  and  the  second  in  the  Annali  del  Museo 
Civico  di  Storia  Xaturale  di  Genova  (Serie  2a,  Yol.  IV,  pp.  259-274, 
1887).  While  recognizing  the  unsatisfactory  nature  of  the  artificial 
classification  adoi)ted  by  lUasius,  Lataste  subdivides  the  voles  in 
accordance  with  a  system  fully  as  arbitrary  as  that  followed  by  any  of 
his  predecessors.  According  to  Lataste  the  characters  derived  from 
the  teeth  of  the  voles  are  of  no  value  except  in  distinguishing  between 
genera.-   The  subgenera  he  arranges  according  to  the  number  of  niani- 

1  lilauford  atloiited  Blasins's  classification  of  tlie  A'oles  at  large  (pp.  91,  92).  Exce])t 
iu  the  case  of  Faludicola,  lioAvever,  lie  supposed  that  none  of  the  European  sec- 
tions of  the  gx'nus  Microtus  are  represented  in  the  region  with  which  he  deals. 

2 ''  Chez  les  Rongeurs  du  nioins,  sinon  chcz  tons  les  Mammif  ores,  les  characteres  de 
la  denture  me  semhlent  d'ordre  genorique  quand  ils  sont  suflisaninient  nets  et 
tranches,  mais  sans  aucuue  importance  taxononii(pie  quand  ils  sont  aussi  minimes 
que  ceux  que  Ton  invoque  d'ordinaire,  a  la  suite  de  Blasius,  chez  les  Campagnols,  et 


KORTH  AMERICAN  FAUNA. 


[No.  12. 


ma-  ami  plantar  tuboivlos.  Althouiih  this  systiMu  loads  to  a  tolerably 
satistaciory  arraiigeiueiit  of  the  Kiiropean  voles,  it  ean  not  be  ai)i)lied 
to  the  genus  at  lariie,  sinee  it  would  unite  such  distinct  groups  as 
Arvicold  anil  (liilofus.  ov  ycotibcr  and  riti/ttii/s.  Lataste's  classificatiou 
is  as  Ibllows: 

lienus  Microttts: ' 

Subgenus  MifOihs  {nitihis,  glarcolus). 

Subgenus  Microtus  {ijretjaHs.  arraliti,  ogrcfiiis.  rattice})''^,  2)en)is!ilra»icns.  nii  alts)' 
Subgenus  .Irvicola  {ierrestris,  inusiguaui). 

Subgenus  Piti/mi/s  (pinefonttn  Ktihterrancus,  .socialis,  middcndorfl'i). 
Subgenus  La^siopodomi/s  {hra)idti). 

The  subgenera  ^[yo(Jes  and  L((sio2)odomi/s  are  equal,  respectively,  to 
the  genus  Evotomi/s  and  the  subgenus  Phaionn/.s  of  the  present  paper. 
The  subgenera  Microfus  and  ArvicoJ<(  coincide  with  groups  here  recog- 
nized under  the  same  names,  while  the  subgenus  Pitymys  is  essentially 
the  same  as  that  defined  on  page  58.  Lataste,  however,  includes  in 
l*ifi/mi/.s  the  species  middenclorfiii,  which  is  probabl}^  not  a  member  of 
that  group  as  now  understood. 

CHARACTERS  ON  WHICH  THE  PRESENT  CLASSIPICATION  OF  THE 
SrBCrENERA  OF  3riCROTUS  IS  BASED. 

In  the  discussion  of  the  systems  of  classification  hitherto  adopted, 
the  impracticability  of  subdividing  the  genus  Microtus  according  to 
the  variations  in  any  one  set  of  characters  has  been  shown.  The 
highly  artificial  systems  of  Blasius  and  Lataste  give  the  best  examples 
of  the  unnatural  results  to  which  any  such  course  must  inevitably  lead. 
In  the  i)resent  paper  the  classification  used  is  based  on  an  assemblage 
of  characters.  The  more  important  of  these,  or  the  ones  least  adapted 
to  the  sx^ecial  needs  of  the  different  animals,  and  hence  least  likely  to 
vary,  are:  Form  of  skull,  structure  of  bony  palate,  i^attern  of  enamel 
folding,  number  of  mamm^e,  number  of  plantar  tubercles,  and  presence 
or  absence  of  musk  glands  on  the  sides.  Characters  of  less  importance, 
because  more  readily  modified  to  fit  a  species  to  the  special  requirements 
of  its  environment,  and  hence  more  unstable,  are:  Qualitj^of  fur,  hair- 
iness of  soles,  length  of  tail,  form  of  front  feet,  size  of  eyes,  and  form 
of  external  ear.  It  is  only  through  careful  consideration  of  all  these 
that  a  satisfactory  arrangement  of  the  species  can  be  obtained. 

Nearly  all  of  the  characters  now  used  have  been  recognized  in  classi- 
fications already  proposed.  In  every  case,  however,  they  have  been 
assigned  degrees  of  importance  different  from  those  which  they  now 
receive.  To  take  the  three  most  conspicuous  examples:  De  Selj^s 
Longchamps  arranged  the  voles  with  regard  to  their  external  form 5 

qui  portent  sur  les  extremites  nial  definies  et  ^minemraent  variables,  soit  posterieur 
d«;  la  dernii-re  molaire  superieure,  eoit  anterieur  de  la  premiere  molaire  inferieure/' 
(Ann.  del  Mus.  Civ.  di  Genova,  Ser.  2a,  Vol.  IV,  p.  260  footnote.) 

Compare  with  this  the  opinion  expressed  by  Biiebner.    (See  footnote,  2^-  25.) 

'  To  Lataste  is  due  the  credit  of  reco<ini/:in<;  tlie  true  status  of  the  name  MUrotns. 
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Blasius  based  liis  chissilicntioii  on  the  pjitterii  of  eiiniiiel  folding  with- 
out iej;ard  to  e\l(n-iial  chaijutteis,  and  Lataste  siibdividiMl  the  j;ioup 
ticcordin*,^  to  Mie  iiiiiiibers  ol'  inanimte  and  phiiitar  tubercles,  disregard- 
ing- everything  else.  The  impossibility  of  reaeliing  satisfactory  results 
by  any  of  tliese  methods  has  been  i)ointed  out  by  Biichner,  wlio,  how- 
ever, takes  an  equally  extreme  ])osition  in  his  reluctance  in  auy  way  to 
subdivide  the  genus  Microtus. 

Jiiichner  was  first  to  recognize  the  im])ortaTit  fa(^t  that  tlui  enamel 
])attern,  while  variable  within  certain  limits  and  hen(;e  of  little  value 
taken  by  itself,  is  nevertheless  of  considerable  systematic  importance 
when  considered  in  connection  with  other  cliaracters.^ 

In  about  75  per  cent  of  the  s})ecimens  of  a  given  species  the  enamel 
pattern  conforms  to  a  type  which  may  be  considered  normal.^  Among 
the  abnormal  specimens  constituting  the  remainder,  the  variation,  how- 
ever, is  very  considerable.  In  the  accompanying  illustrations  (figs.  1, 
2,  3,  4,  5,  and  0)  are  shown  some  of  the  conspicuous  aberrations  in  the 
form  of  the  teeth  of  Microtus  pennsylvanicus:'  In  the  descriptions  which 
follow  the  normal  enamel  pattern  is  alone  considered. 

1  After  meutionin*^  Lataste's  view  (see  footnote,  p.  23),  Biichiier  says:  "Meiner 
Ansiclit  nacli  liefert  im  Gegentheil  der  Ban  der  Backenziihue,  obwolil  derselbe 
znweilen  ancli  im  Bereiche  einer  Art  leiclit  variirt,  ein  vorziigliclies  Merkmal,  welclies 
allein  genonimen  fiir  die  Charakteristik  einer  Art  nicLt  geniigt,  in  yerl)indnng  aber 
niit  den  iibrigen  Merknialen  selir  grosse  Dienste  leistet  nnd  von  bedentendeni  sys- 
teniatiscben  Wertbe  ist.''  ( Wissenschaftliche  Resultate  der  von  N.  M.  Przewalski 
nacli  Central-Asien  nnternommenen  Reisen.  Zool.  Theil,  Bd.  I,  Siiugethiere,  Lief.  3, 
1889,  p.  97.) 

-Among  285  specimens  of  Microtus  x>ennsijlvanicu8  71,  or  24.9  per  cent  bave  tbe 
enamel  pattern  in  some  way  al)normal.  Of  tbese,  26,  or  9.1  per  cent,  bave  tbe  first 
enter  triangle  in  m  3  communicating  more  or  less  freely  witb  tbe  inner  triangle 
(fig.  3);  one  bas  tbe  second  outer  triangle  opening  into  tbe  x>osterior  loop  (fig.  3) ; 
two  bave  tbe  posterior  loop  of  very  unusual  sbape  (fig,  3) ;  one  bas  a  second  inner 
closed  triangle  in  m  3  (fig.  3),  and  14,  or  4.9  per  cent,  sbow  a  distinct  fourtb  salient 
angle  on  tlie  outer  side  of  tbe  same  tootb.  In  tbe  first  lower  molar  24,  or  8.3  per 
cent,  liave  6  closed  triangles  (fig.  4),  one  has  only  3,  still  anotber  bas  7  (fig.4), 
wbile  in  5,  or  1.7  per  cent,  there  are  4  (fig.  4).    Of  tliese  285  specimens  ni  3  is  abnormal 

in  44  cases,  or  15.4  per  cent,  m  1  in  31  cases,  or  10.8  per  cent.    Grouping  tbe  abnor- 
malities according  to  tbeir  frequency,  they  may  be  arranged  as  follows : 
ni  3  bas  first  outer  triangle  open  in  26  cases,  or  9.1  per  cent. 

m  1  bas  one  additional  triangle  in  24  cases,  or  8.3  jjer  cent. 

m  3  bas  an  additional  salient  angle  on  the  outer  side  in  14  cases,  or  4  per  cent. 

m  1  bas  one  less  triangle  than  usual  in  5  cases,  or  1.7  per  cent. 

bas  tbe  posterior  loop  of  very  unusual  sbape  in  2  cases,  or  0.7  per  cent. 

m  3  lias  tbe  second  outer  triangle  abnormal  in  1  case,  or  0.35  per  cent. 

m  3  bas  an  additional  inner  triangle  in  1  case,  or  0.35  per  cent. 

m  1  has  two  additional  closed  triangles  in  1  case,  or  0.35  per  cent. 

m  1  lias  two  less  closed  triangles  than  usual  in  1  case,  or  0.35  per  cent. 

^  Tbe  drawings  here  reproduced  are  all  from  specimens  taken  in  tbe  eastern  and 
central  parts  of  tbe  United  States  and  adjoining  British  Provinces.  They  are 
selected  from  tbe  series  of  about  170  belonging  to  tbe  United  States  Department  of 
Agriculture. 
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Till'  valiio  of  iho  striu'tmv  of  tlio  bony  i);ilato  as  a  taxonoinic  cliarac- 
tor  was  lirst  m)iiite(l  out  by  CoiiosJ  wlio,  liowovor,  consiiUM  od  it  of  rather 
luoro  iini>oriaiu'e  than  ir  roally  is.  It  was  at  lirst  supposed  that  the 
bony  palate  of  all  the  iniMubers  of  the  i^enns  .1//(To/?/.s' diftered  in  a  con- 
stant way  from  those  of  I\roto)nijs.  .Mr.  Old  field  Thomas  has,  however, 
recently  described  a  Mirrotns  [M.  chiuciisis) 
in  which  the  ])alate  structure  of  Krotoini/s  is  ' "  o^^-^  ^ 
almost  exactly  reproduced :  and  on  further  , 


\ 


Fig.  1. — First  iippermolar 
in  six  si)ocimcus  of  J/i - 
crotii.s  pen nsiilran icus. 


Fig.  2.— Second  up- 
per molar  in  .six 
specimens  ofMicro- 
fuspennsi/lvaniciis. 


Fig.  3.— Third  iijipcr  molar  in 
eighteen  specimens  of  Jlicmius 
peniuylvanicus. 


Study  it  appears  that  several  well-marked  types  may  be  reco<4iiized 
amono-  the  species  of  the  genus.  These  forms  of  palate  furnish  char- 
acters of  considerable  worth  in  defining  many  subgenera.  In  all, 
several  structures  remain  sufficiently  constant  to  serve  as  convenient 
landmarks.    The  anterior  portion  of  the  bony  palate^  or  that  formed 

exclusively  by  the  premaxillaries  and 
maxillaries,  has  no  special  interest,  as 
it  shows  very  trifling  variations.  A 11 
the  characters  of  importance  are  de- 
rived from  the  part  lying  behind  the 
maxillo-palatine  suture.  This  suture 
in  the  typi'  al  palate,  or  that  occurring 


Fig.  4 — First  lower  molar  in 
eighteen  specimens  of  Microtus 
penn.'sylianicus. 


Fig.  5.— Second  lower 
molar  in  four  sj^eci- 
mens  of  2llcrotus  penn- 
sylvan  ict(8. 


Fig.  6.— Third  lower 
molar  in  four  specimens 
of  2Iicrotu8  2>c  itnaylvan- 
inm. 


in  true  Microtus  and  in  the  great  majority  of  species  and  subgenera 
(tig.  7  A )  forms  a  broad,  U  -shai)ed  loop,  the  convexity  of  Avliich  is  directed 
forward  and  whose  apex  lies  about  opx)osite  the  middle  of  the  second 
molar.  From  this  point  the  suture  on  each  side  sweeps  rapidl}^  back- 
ward and  outward  until,  at  the  level  of  the  anterior  edge  of  the  posterior 
molar,  practically  the  Avhole  width  of  the  palate  is  occupied  by  the  pala- 
tine, and  the  maxillaries  are  reduced  to  a  narrow  rim  around  the  edges 
of  the  alveoli. 


'  Monogr.  X.  Am.  Ifodentia,  p.  133,  1877. 
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Until  Just  hi^i'ovit  Jicqtiirin^-  its  greatest  w  idtii,  tlie  sui  laco  of  the-  pal- 
atine is  on  tli(^  same  IcncI  willi  tli(;  rest  oC  tlic  l)<)iiy  ]>alate,  but  ininie- 
(liiitely  nil  rcacliin*;-  tiiis  ])()iiit  it  eliangcs  al)iMi|)tly  at  the  sides,  nioici 
^••I'adually  in  tlie  ine<liaii  line,  lo  tlie-  h'vei  ol"  t  he  mitei  ior  border  of  tlie 
nterptery<;'()i(l  Ibssa,  w  liicii  lies  al)()ul  ()..">  mm.  (hnsad  of  llicniain  part 
of  llie  bony  palate.  In  the  median  line  the  i)alatine  sloj^es  ^^ently  dor- 
soeandad  to  the  edge  of  tlie  interpterygoid  fossa,  a  (listan(;(i  usually  of 
about  1  mm.,  ])ut  at  the  sides  it  breaks  away  suddenly,  and  the  R])a(;es 
between  the  median  sloping  ridge  and  maxillaries  are  ()eeui)ied  by  eon- 
s[>ieuous  pits  (fig.  7  A,  /.  p).  The  lloor  of  each  pit  is  eontinuous  Avith 
the  backward  piojeetion  of  the  palatine,  which  runs  out  to  join  tlie 


Fig.  7.— ralatal  mcw  of  skull  of  Microtus  (2Iicrotiis)  arvalis  (A)  and  Evotomys  gappcri  (B).  (x3). 
(./rt.,  nil(  r|ilcr\  uiiid  fossa  (relorciicc  line  crosses  X'tt'rygoid  fossa);  i.fn.,  incisivo  fi)ramcii ;  l.hr., 
lalcral  lirid^o:   /. '/r.,  lateral  uroove:   ?.       lateral  pit :        r.,  median  riduc  ;  i/(.r..  maxillary  ;  7^?., 
palatine:  jnnx..  i)r(.  niaxillar\" :  'pt..  pterygoid  (reference  line  crosses  ]>teryi;oid  ibssa) ;  s.  m.r.,  slox)- 
ing  portion  ol  metlian  rnlg(>. 


pterygoid  of  its  side  (fig.  7  X,  pt.).  The  ventral  outline  of  the  iuter- 
pterygoid  fossa  (fig.  7  A,  i.fa.)  forms  three  sides  of  a  figure,  which  is 
nearly  a  parallelogram,  open  nt  one  end,  the  longer  axis  i^arallel  with 
the  main  axis  of  the  skull,  and  the  length  more  than  double  the  width. 
In  front  and  for  a  short  distance  at  the  sides  the  fossa  is  limited  by  the 
palatines  (fig.  7  A,  but  the  greater  i^art  of  its  boundary  is  formed 
by  the  pterygoids  (fig.  7  A^pt.).  The  open  end  lies  between  the  hamu 
lar  processes  of  the  i^terygoids.  Extending  back  from  the  incisive  for- 
amina are  two  distinct  lateral  grooves  (fig.  7  A,  I.  gr.)^  whicli  traverse 
the  bon}"  palate  longitudinally,  leaving  between  them  a  ridge  which  pos- 
teriorly is  continuous  with  the  sloping  median  ridge  already  described. 
In  these  grooves  open  numerous  foramina,  larger  and  more  crowded 
jnst  in  front  of  the  region  from  which  the  bony  palate  slopes  away  to 
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the  lovol  of  tho  ]»toryiioi(ls.  Tlio  modinii  ridjio  just  hero  widens 
abruptly  and  sends  out  on  each  sith*  a  short  process,  whieli  is  mot  by  a 
siniihir  one  arisiuji'  from  j^ahitine  on  the  opposite  side  of  the  g'roove 
(tiii".  7  A.  /.  br.).  These  processes  usually  nu'et  and  fuse,  thus  com- 
pletely obliterating^-  the  o-roove,  though  they  are  fre(piently  separated 
by  a  narrow  s])ace.  In  Kvotomys  (fig.  7  B)  the  slopin«i-  part  of  the 
nu'dian  ridiie  has  disai>peared,  together  with  the  lateral  i)its,  but 
traces  of  the  median  ridge  (tig.  7  U,  m.  r.),  the  lateral  grooves  (fig. 
7  ]i.  /.  ///•.),  and  the  bridges  (tig.  7  B,  /.  br.)  may  still  be  recognized. 

At  ditierent  times  subgeneric  weight  lias  been  given  to  the  form  of 
the  external  ear,  and  to  the  proportional  length  of  the  tail  to  the  head 
and  body.  Xeither  cue,  however,  is  of  any  value,  except  in  special, 
isolated  cases.  The  form  of  the  ear  is  essentially  the  same  in  all  the 
subgenera,  though  there  are  slight  modifications  in  length  and  in  the 
development  of  the  valvular  fold  by  which  the  meatus  is  closed. 

The  relative  length  of  the  tail  is  far  too  variable  to  serve  as  a  useful 
diagnostic  character. 

KEYS. 

Tlie  following  keys  to  the  genera  and  subgenera  of  Microthuv  are 
wholly  artificial  nnd  do  not  bring  the  groups  together  according  to 
natural  affinities.  Since  analytical  keys  are  of  no  value  except  as  aids 
in  identifying  specimens,  it  is  necessary  that  they  should  be  based  on 
characters  that  may  be  studied  without  difficulty  in  ordinary  museum 
material.  Such  material,  however,  is  usually  so  imperfect  that  a  single 
key  made  with  reference  to  one  set  of  characters  (as,  for  instance,  the 
form  of  the  bony  palate  or  the  number  of  mamma^)  might  be  of  little 
use.  Hence  several  keys  are  here  introduced,  each  based  primarily  on 
a  special  set  of  structures.  Of  tlie  three  keys  to  the  genera,  Xo.  1  is 
made,  so  far  as  possible,  with  reference  to  the  skull  alone;  iS^o.  2,  with 
reference  to  the  teeth,  and  JSTo.  3,  with  reference  to  external  characters. 
Of  tlie  keys  to  the  subgenera  of  Microtus,  No.  5  is  based  i^rimarily  on 
characters  derived  from  the  structure  of  the  bony  palate,  and  is  thus 
useless  for  the  identification  of  sx^ecimens  the  skulls  of  which  are  not 
available  for  study.  Key  No.  6  is  based  on  the  pattern  of  enamel  fold- 
ing and  may  be  used  with  specimens  having  broken  skulls.  The  lines 
in  italics  inserted  in  x)arentheses  in  this  key  are  for  the  identification  of 
individuals  with  abnormal  enamel  patterns.  These  usually  occur  in  the 
l)roportion  of  about  one  to  four  (see  p.  25).  Hence,  one  fourth  of  any 
given  lot  of  sjjecimens  will  agree  with  the  characters  given  in  paren- 
theses*, the  great  majority,  howeVer,  with  those  in  heavy  type.  Key 
No.  7,  based  primarily  on  the  mammjc  and  footpads,  is  made  almost 
exclusively  with  reference  to  external  characters.  It  is  necessarily 
incomi)lete,  since  the  number  of  mammjc  and  footpads  is  in  several 
instances  unknown.  It  is,  of  coui  se,  impossible  to  use  this  key  except 
with  alcoholic  siiecimens  or  freshly  killed  animals.    Key  No.  8 — if  it 
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may  be  ('.ill led  a  key — is  a  roii^li  ^n)ni)in<;'  of  tlic.  snb^cjici  a  of  MicrotuH 
accordiii*;"  to  the,  cssciitial  (diaractcrs  used  in  tlic  cJassiilcatioii  hore 
adopted.  Tiie  keys  ai-e  in  all  cases  based  on  t  lie  cliaraetei  s  of  a(bdl  s 
only. 

1.  KEY  TO  TllK  (JKNKliA  OJ-'  .M  ICKO'l  lN/K. 

[I'.iiscd  priiiiiirily  on  the  skull.  | 

Skull  (if  atliilt  more  than  TtO  miii.  loii^   Fiber 

Skull  of  adult  less  than  4.")  mm.  lon^^. 

Molars  rooted;  skull  always  less  than  .SO  lum.  loii<^. 

Posterior  border  of  ])ahite  a  thin-edged  sliell',  contiiuKtMs  between 

alveoli  of  ])osterior  molars   /■^roloin;i>i 

Posterior  border  of  ])alate  not  formin<;"  a  8li(;ll"   /'hciKtcoiiii/H 

Mohirs  rootless;  skull  often  more  than  .'U)  mm.  lou^-. 

Middle  part  of  zygoma  e.\])anded  so  as  to  form  an  o])li(|ue 

plate  about  4  mm.  broad   J.emmua 

Middle  part  of  zygoma  only  slightly  expanded. 

Rostrum  about  I  total  length  of  skull   Synaptomijs 

Rostrum  more  than  ^  total  length  of  skull. 

Postorl)ital  process  of  sciuamosal  peg-like   Dlcrostoni/x 

Postorbital  process  of  squamosal  shelf-like   2Hcro(u8 

2.  KEY  TO  THE  GENEIIA  OF  MICKOTlXiE. 

I  Rased  i)riniarily  on  the  tcctli.] 

Length  of  maxillary  tooth  row  in  adult  more  than  14  mm   Fiber 

Length  of  maxillary  tooth  row  in  adult  less  than  13  mm. 

Roots  of  lower  iucisors  or  inner  (lingual)  side  of  molar  roots. 

Upper  incisors  grooved   Synapiomtjs 

Upper  incisors  not  grooped. 

m  1  with  3  closed  triangles   Leminua 

m  1  wnth  7  closed  triangles   Dicrostonyx 

Roots  of  lower  incisors  on  outer  side  of  molar  roots. 
Molars  rooted. 

Teeth  weak;  triangles  tending  to  remain  open;  salient  angles 

rounded   Evoiomys 

Teeth  strong;  triangles  closed;  salient  angles  sharp   Phenacomys 

Molars  rootless   Microtus 

3.  KEY  TO  THE  GEXEIIA  OF  MICROTIN^. 

[Based  primarily  on  external  characters.] 
Tail  liattened  laterally   Fiber 

Tail  terete. 

Tail  shorter  than  hind  foot. 

Thumb  with  strap-shaped  nail   Lemmus 

Thumb  without  strap-shaped  nail. 

External  ear  rudimentary   Dicrostonyx 

External  ear  well  developed   Microtus  (Asiatic  species 

of  subgenus  Lagurus) 

Tail  longer  than  hind  foot. 

Upper  incisors  grooved   Synaptomys 

Upper  incisors  not  grooved. 

Color  usually  reddish;  molars  weak,  with  triangles  tending 

to  remain  open  and  with  salient  angles  rounded   Evotomys 

Color  brownish,  grayish,  or  yellowish;  very  seldom  reddish; 
molars  strong,  with  closed  triangles  and  sharp  salient  angles. 

Molars  rooted   Phenacomys 

Molars  rootless   Microtus 
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4.  KKV   ro  snUJKNKKA  OF  S  V  N  A  T  lOM  VS. 

M;in»li)>ular  molars  \v ith  closotl  trianglos  on  outer  side   Sinuipiomjis 

Mandibular  molars  \vith»»Mt  clost'd  triangles  on  ou1(M'  side  Mictomiis 

KKV  T()  rilK  snuiKNKKA  OK  MICKorrs. 
|r>;isr(l  i>riin:iril\  on  tlic  Imiiy  I'iilatci 

I'ahito  normal  or  n<'arly  so  ;^seo  jk  '21^. 

Thinl  lower  molar  with  all  triangles  closed   Lof/nnts 

riiird  lower  molar  normally  without  closed  trianules. 
(  laws  small,  tlmse  on  front  feet  always  >honest. 

Plantar  tuliercles  0   Microttt.s 

Plantar  tubercles  5. 

Tail  more  than  30  per  cent  of  total  length  irvicoJd 

Tail  less  than  30  per  cent  of  total  length. 

m  i  with  5  closed  triangles   ChUotm^ 

m  i  with  3  closed  tri;ingles   redomi/s 

Claws  large,  those  on  front  feet  nsnally  longest. 

Fur  loug  and  soft   J'haioiuys 

Fur  dense  and  mole-like   I'tijimys 

Palate  highly  abnormal. 

Palate  ending  in  a  broad  inedian  plate  cut  oft'  from  maxillaries  at  the  sides. 

Third  lower  molar  with  all  triangles  closeil   Xeofiber 

Third  lower  molar  without  closed  triangles. 

Skull  flat  ;  andital  bnlhe  small   Iltjperacrius 

Skull  high;  andital  bulla- large   AJiicola 

Posterior  border  of  jialate  conrinnous  between  maxillaries. 

Posterior  border  of  jialate  straight   EotJienonnjs 

Posterior  border  of  palate  with  median  projection   JntcUomj/s 

6.  KEY  TO  THE  SUBGENERA  OF  MICKOTUS.' 
[Based  ])rimarily  on  the  teeth.] 
(m  1  with  G  or  7  closed  iriangles.) 
(Plantar  tubercles  5.) 

(Small;  not  aquatic  ;  fur  short   Chilotns) 

(Larr/e ;  aquatic  :  fur  lotuj   Arvicola) 

(Plantar  tubercles  6   Microtus) 

m  1  with  5  closed  triav^gles. 

m  3  with  3  closed  triangles. 

m  3  with  triangles  always  closeu   Neofiber 

m  3  with  triangles  normally  open. 
Plantar  tubercles  6. 

Fur  not  spec.ally  modified,  claws  moderate, 


Posterior  loop  of  ni  3  short  or  strongly  curved:  palate  normal.  Microtus 
(Posterior  loop  of  m  ■',  long  and  slraighi  :  palale  ahnormaJ .) 


(Skull  broad  and  Hat :  plantar  tubercles  ~>   JJ gpcracrius) 

(Skull  not  broad  and  flat ;  plantar  tubercles  0   Allicola) 

(Fur  rertj  long  and  soft,  aspect  lemniiug-like,  cI<(h-s  rerg  long.  Phaionnjs) 
(Plantar  tubercles  5.) 

(Small;  not  aquatic  ;  fur  short     Chilotns) 

(Large;  aquatic ;  fur  lotig   Arvicola) 


'  Characters  In  heavy-faced  type  are  those  of  specimens  willi  normal  enamel  pat 
tern;  characters  in  italics  (inserted  in  parentheses)  are  those  of  specimens  with 
abnormal  enamel  x>attern. 
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m  3  with  2  closed  triangles. 

Triangles  in  m  3  alternate  and  closed. 

Aquatic;  soles  naked;  tail  long   Neofiber 

Not  aquatic ;  solos  hairy ;  tail  short   Lagurus 

Triangles  in  m  3  normally  oijposito  and  open. 

Claws  small,  Ihoso  o:i  hind  foot  always  longest. 
Mamnir«;  8 ;  foot  pads  5. 

Snail;  not  aquatic;  fur  short   Chilotus 

(Lari/c;  (i<inai\c  :  fur  hm;/   .Irvicola) 

{Mamma-  •/;  foot  padx  ■'>:  sL  hII  liit/h   I'edomi/s) 

(Clairs  1ar(/<\  lliosc  on  frmil  feet  oflcit  hnif/cfit.) 

(  I'll)-  xliorl  (1)1(1  (h  use   I'itjmi/H) 

(  Fur  loiifj  and  sofi   I'haioviys) 

m  1  with  4  closed  triangles. 

m  3  with  posterior  loop  elongated  in  axis  of  jaw. 

Skull  broad  and  flat;  plantar  tubercles  5   Hyperacrius 

Skull  not  broad  and  flat;  plantar  tubercles  6   Alticola 

{m  .1  H'ilh  poiiterior  loop  rounded  or  crenccntic. ) 

{m  ."i  with  3  closed  iria)t'jles  Microtun) 

(m  3  wit] I  S  (dosed  Iriatir/les..  Irricola) 

m  1  with  3  closed  triangles. 

(m  J  icith  .1  closed  triaixjles.) 

(Plantar  tubercles  <J.) 

(Posterior  loop  of  m  .7  tihort  or  sirotu/lij  currcd;  palate  normal  . ..  Microtus) 
(Posterior  loop  of  m     lon<j  and  strai(/hl:  palate  ahnormal   Alticola) 

(Plantar  tubercles  ■'>.) 

(Mamma'  S;  palate  normal   Arvicola) 

(Mam ))i(v  4;  palate  abnormal   Hyperacrius) 

m  3  with  2  closed  triangles. 

Sole  almost  naked   Arvicola 

Sole  hairy. 

(Palate  abnormal   Ifyperacrius) 

Palate  normal. 

Claws  long,  all  about  equal  in  length   Phaiomys 

Claws  short,  those  on  front  feet  shortest   Pedomys 

(m  3  with  1  closed  \ri((n<jle   Tliiperacrius) 

m  1  with  0  closed  triangles. 

ni  2  and  m  3  of  approximately  tho  same  forr^   Eothenomys 

m  2  and  m  3  very  dilferent  in  form   Anteliomys 

7.  KEY  TO  THE  SUBGENERA  OF  MICROTUS. 

[Based  primai'ily  on  niamm;e  and  foot  pads.] 

jManima>  10   Phaiomys 

Manima>  8. 

Plantar  tubercles  6. 

Palate  normal   Microtus 

Palate  abnormal   Alticola 

Plantar  tubercles  5. 

Conspicuous  musk  glands  on  sides   Arrieola 

Xo  musk  glands  on  sides. 

Color  dark  brown   Chilotus 

Color  liglit  grayish  or  vellovrish   Lagurus 
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MaiuiUii>  4. 

Size  vtM  y  l;n\i;o    Xco fiber 

Si/c  moilium  ov  smal  . 

ri;mtar  tubnvlos  (i  InteUomiis 

riant ar  tiiben-les  5. 

Skull  not  llaTtoni'il   I'cdonniti 

Skull  Hat  toned. 

Talaie  normal   I'ihimi/s 

Palate  abnormal   JI upcntcriiis 


S.  SI  I5GKNKKA  OF  :MK'Kl)TrS  GKOUPED  BY  ESSENTIAL  ClIAKACTKKS. 

Palate  normal.— J/j('ro/<*,v,  redomys,  rUi/niys,  Chilotiis,  I'haio7n!fs,  Jrvivola,  Lagurns. 

Palate  abnormal. — Xeojiher,  Altivola,  IInperacriuH,  Eotlicuovn/s,  ^InteUomi/s. 

riiiril  lower  molar  always  with  closed  triangles. — Xeofiher,  Lagurns. 

Third  lower  molar  normally  without  closed  triangles. — Mivrotus,  I'edomys,  rHiinn/s, 
Chilotus,  Phaiomiis,  Jrricola,  KoHunomi/s,  Jnteliomys,  Altivola,  UiiperacriuH. 

First  lower  molar  normally  with  5  closed  triangles  and  9  salient  angles. — Microiiis, 
Chilotus,  Xeofiher,  Lag  tints. 

First  lower  molar  normally  with  3  or  4  closed  triangles  and  9  salient  angles  — 
Pedomys,  Pitymys,  Phaioniys,  Jlttcola,  Hyperacrius. 

First  lower  molar  normally  with  3  closed  triangles  and  7  salient  angles. — Jrricola. 

First  lower  molar  without  closed  triangles. — Anteliomys,  Eothenomys. 

Third  upper  molar  normally  with  3  closed  triangles  and  7  to  8  salient  angles. — 
^icrotits. 

Third  upper  molar  normally  with  2  closed  triangles  and  6  salient  angles. — Xeofiher, 
Arricola,  Pitymys,  Pedomys,  Phaiomys,  Chilotus. 
Third  upper  molar  without  closed  triangles. — Anteliomys,  Eothenomys. 
Mammie  10. — Phaiomys. 

Mauimie  8. — Arvicola,  ^Jicrotns,  Alticola,  Chilotus,  Lagurns. 
Mamm*  4. — Xeofiher,  Pitymys,  Pedomys,  Anteliomys,  Hyperacrius. 
Plantar  tubercles  6. — Microtus,  Phaiomys,  Anteliomys,  Alticola. 

Plantar  tubercles  5. — Xeofiher,  Arvicola,  Pitymys,  Pedomys,  Chilotus,  Lagurns,  Llyper- 
acrius. 

DESCRIPTIO^'S  OF  LIVI>G  GENERA  AND  SUBGENERA. 

Genus  SYXAFTOMYS  Baird. 
Synaptomys  Baird,  Manim.  N.  Am.,  p.  558, 1857.    Type  Synaptomys  cooperi  Baird. 

Geo{/ra])hic  distrihution  oftyjye  species.- — Boreal,  Transition,  and  nortli- 
ern  edge  of  Upper  Austral  Zone  in  eastern  Xortli  America  from  the 
Atlantic  coast  to  Minnesota. 

Geograph  ic  distribution  of  genus. — ]^^ortll  America  from  northern  edge 
of  Lower  Austral  Zone  northward. 

Essen  t la I  dm racters  : 

Upper  incisors  with  distinct  longitudinal  grooves. 

Lower  incisors  with  roots  on  inner  (lingual)  side  of  molars. 

Molars  rootless.  I 

Enamel  pattern  characterized  by  great  depth  of  reentrant  angles  on  outer  sida 
of  maxillary  teeth  and  on  inner  side  of  mandibular  teeth.  I 

m  1  with  three  closed  triangles  and  two  transverse  loops,  or  with  four  trans- 
verse loops  and  no  closed  triangles. 

m  3  with  four  transverse  loops  and  no  closed  triangles.  1 

Feet  not  specially  modified. 

Soles  and  palms  with  well-developed  tubercles. 

Thumb  with  large  flattened  ligulate  nail.  i 
Tail  very  slightly  longer  than  hind  foot,  terete.  1 
External  ear  well  developed. 
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*S7j«Z/.— Tli(i  skull  ot'Sijnaptomi/s  (fi«;-.  y  and  PI.  I,  iij,rs.  12, 13)  is  moder- 
ately broad,  Hat,  and  massive,  much  less  so  than  in  tlie  other  Lemmi. 
Kostruni  short  (nasal  bones  about  one  lburt  li  occi])ito-iiasal  lenf;th)and 
strongly  delh'xed;  zy<;"omati(',  anthes  not  broadly  llarin^'  as  in  Lcmnnis 
and  Dicrostoyiyj;^  thou<;ii  more  so  tlnin  in  tiio  voh'sj  middhi  i)ortion  of 
zygonui  very  sliglitly  expaiidcd,  1  Ini  outer  snrl'aee  nearly  vertical;  braiu 
case  not  <;rea11y  broadcMied  or  llattencd,  and  seldom  if  ever  conspicu- 
ously rid;;('d  or  l  uriow  ed ;  interi)arietal  with  rounded  cornei  s,  the 
antero-])osterior  diameter  more  than  half  tlic  transverse  diameter; 
l)tery.u()i(is  short;  interi)tery*;-oi(l  tbssa  about  one-sixth  l^asilar  length 
of  skull;  posterior  border  of  bony  palate  endinj;'  nearly  as  in  typical 
Microtus.  (See  p.  V\.  11,  lig.  5,  and  hg.  7,  p.  27.)  Front  edge  of 
squamosal  forming  a  narrow,  shelf-like  postorbital  process. 

Teeth. — Anterior  faces  of  upper  incisors  with  distinct  longitudinal 
grooves.  Lower  incisor  terminating  posteriorly  a  little  in  front  of  the 
hinder  edge  of  the  back  molar.  Throughout  its  length  each  mandibu- 
lar incisor  lies  wholly  on  the  inner  (lingual)  side  of  the  molar  series. 
(PL  111,  fig.  1.) 

The  molars  are  all  rootless.  The  upper  molar  series  is  about  one- third 
the  basilar  length  of  skull,  the  lower  series  slightly  less.  The  enamel 
pattern  (figs.  <S  and  10)  is  characterized  l)y  the  great  depth  of  the  outer 
reentrant  angles  in  the  maxillary  teeth  and  of  the  inner  reentrant 
angles  in  the  mandibular  teeth.  Of  the  maxillary  teeth  m  1  and  m  2 
show  no  important  peculiarities  of  form  except  that  the  outer  reentrant 
angles  cut  across  to  the  enamel  of  the  extreme  inner  side,  a  feature 
shared  by  Lemmus  alone.  The  posterior  upi)er  molar,  however,  like 
that  of  Lemmiis,  differs  widely  from  the  corresponding  tooth  in  all  other 
Microtincv.  It  is  formed  of  four  transverse  loops.  The  first  and  second 
of  these  loops  are  isolated  by  two  deep  reentrant  angles  on  the  outer 
side  of  the  tooth,  while  the  third  is  formed  by  an  equally  deep  depres- 
sion on  the  inner  side.  The  reentrant  angles  and  closed  triangles  on 
the  inner  side  of  the  mandibular  molars  are  greatly  developed  at  the 
expense  of  those  on  the  outer  side.  In  the  subgenus  Mictomys  the  lat- 
ter wholly  disappear  except  in  the  last  tooth.  This  has  a  reentrant 
angle  near  the  middle,  but  no  closed  triangle. 

External  form. — In  general  appearance  Synaptomiis  resembles  the 
Microti  much  more  closely  than  it  does  the  Lemmi,  a  fact  wliich  has 
given  rise  to  the  rather  inappropriate  names  '  lemming- vole'  and  'false 
lemming.'  The  si)ecies  of  Syncqytomys  are  thick-set  microtiues  with 
large  heads,  ears  that  just  appear  above  the  moderately  long  fur,  short 
tails,  and  small  feet.  In  color  they  are  all  dull  brownish,  darker  on  the 
back,  paler  on  the  bell3\  The  palms  and  soles  are  tuberculate,  as  in 
the  voles. 

General  remarlcs.—  Synaptomys  differs  from  all  the  other  genera  of 

^Tlie  ratio  of  zygomatic  breadtlito  basilar  length  is  approximately  70  iu  SynaptomySy 
75  iu  Lemmus  aud  Dicrostonyx,  and  65  in  Microtus. 
16933— No.  12  3 
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^licr^>tiniv  in  its  ji'ri^ovod  iiu'isors.  I'^rom  the  other  leinminos;  it  may  be 
known  t>y  its  nnniodilied  external  Ibrni,  and  from  the  voles  by  the 
oharaeters  of  its  molars. 

Siibgeiius  SYNATTOMYS  I'.nird. 
Stiuop1onni}<  l>airu.  Mamm.  N.  Am.,  j).  558.  1857.    'l  y^e  SiDiajiiomiis  voojnri  llaiid. 

Geoffraphic  distribution  o  f  type  species. — Boreal,  Transition,  and  north- 
ernmost edge  of  Austral  zone  in  eastern  United  States  and  adjoining- 
Britisli  Provinces;  west  to  Minnesota,  soutli  to  Iowa,  Indiana,  Ohio, 
and  Maryland. 

Geofirapliic  distribution  of  subf/enus. — Boreal  zone  to  northern  edge  of 
Lower  Austral  zone  in  eastern  Canada  and  eastern  United  States; 
west  to  Minnesota,  south  to  Kansas  and  A'irginia. 

Ussential  characters  : 

Eostrum  very  heavy. 

Pahite  nearly  as  in  true  Microtus. 

^Mandibular  molars  Avith  closed  triangles  on  outer  side 
Mammie  6. 

Sl'uU.— The  skull  of  true  Sijnaptomys  (fig.  9  and  PL  I,  fig.  13)  differs 
from  that  of  2[ictomys  in  the  remarkablj"  heavy  rostrum  and  in  certain 
slight  details  in  the  form  of  the  bonj^  palate.  The  latter  is  almost 
exactly  as  in  typical  Microtus^  the  slight  peculiarities  in  form  being 
well  within  the  limits  of  variation  in  the  latter. 

leetli. — The  incisors  in  true  Synaptomys  are,  like  the  rostrum,  exces- 
sively strongly  built.  The  grooves  are  usu- 
ally sharply  defined  and  placed  near  the 
outer  edges  of  the  teeth. 

The  maxillary  teeth  difl:er  in  no  way  from 
those  of  the  species  of  Mictomys.    In  the 
Tig.  s.-Enamei  pattern  of  molar    niolars  of  the  lowcT  jaw,  howevcr,  the  outcr 

teeth  of  Svnaptomys  cooperi.  (x  5.)  i     ,      ^  i  * .  ,  i 

edge  of  each  tootn  is  cut  by  a  deep  reen- 
trant angle  which  isolates  a  large  outer  triangle  (fig.  8). 

Mamma\ — The  number  of  mammae  in  Synaptomys  has  been  variously 
recorded  as  four  and  six.  Dr.  Coues,  in  his  monogra])h  of  the  American 
Microtince,  states  that  he  finds  six,  four  pectoral  and  two  inguinal,  in  a 
female  from  Brookville,  Ind.^  Quick  and  Butler,^  however,  noted  only 
four,  two  pectoral  and  two  inguinal,  in  specimens  from  the  same  local- 
ity". Mr.  Yernon  Bailey  records  six  mammae  in  a  female  collected  for 
the  United  States  Department  of  Agriculture  at  Ann  Arbor,  Mich., 
and  I  find  the  same  number  in  an  alcoholic  si^ecimen  taken  at  Eogers- 
ville,  Tenn.  It  i.s  ])robable  that  six  is  the  normal  number,  and  that 
Quick  and  Butler  overlooked  the  ]>osterior  pair  on  the  breast,  as  these 
are  smaller  than  the  others,  at  least  in  the  alcoholic  specimen  from 
Tennessee. 


1  Monogr.  X.  Am.  Rodcntia.  p.  236. 

2  American  Naturalist,  XIX,  p.  114. 
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(lencvdl  rcmarlcs. — Tlie  cliaiuctcrs  distiuguisliin;;-  the  sii])«;enera  Sijn- 
aptomys  and  Mictoinj/s  are  (lis(;iissc(l  iiiider  the  latter. 

Tliree  species  ol'  true  Syndptoitnjs  ai'e  now  known:  >S'.  cooper i  liaird, 
^./((tnus  lianas,  and  S.  hclaletes  Men  inui.^ 

Siib^reiius  MKriOMVS  'I'nie. 

ISOI.  Miciomya  True,  I'roc.  U.  S.  Nat.  Mu8.,  XVII,  Xo.  !•!»!),  ]>.  212.  A(lvaiic<-  sljeet, 
April  26,  1894  (full  genus).    Typo  Mictomijs  huiuilK.s  Tiuc. 

189G.  MictomyH  Merriaiii,  Proc.  \V\o\.  Soc.  Washiugtou,  X,  p.  57,  Maicli  1!),  1890 
i' subgenus). 

Gcofjraphic  (Ustrihutioii  of  type  .species. — t^ynaptoinys  innnitus  is  known 
from  the  type  locality  only,  Fort  Oliinio,  Ungava,  Labrador. 

Geof/raphic  (Vsiribniion  of  Hulxfenun. — Hudsonian  zone  from  Jjal)rador 
to  Alaska,  south  to  northern  California. 

Essential  chavdcters  : 

Rostrum  slender. 

Palate  not  as  iu  true  Microliis. 

Mandibular  molars  without  closed  triangles  on  outer  side. 
Mammie  8. 

SltnJl. — The  skull  of  Mictomys  is  in  general  much  like  that  of  ^ynap- 
tomys  proper,  but  the  whole  rostral  part  (including  incisors)  is  dispro- 
portioually  slender  and  weak 
(fig.  9,  and  PI.  I,  fig.  12).  The 
bony  palate  is  formed  on  the  same 
plan  as  that  of  true  Syn(q)toinys 
or  of  Microtus  proper,  but  differs 
from  both  of  these  in  the  prolon- 
gation of  the  median  ridge  as  a 
spine  projecting  into  the  inter- 
X)terygoid  fossa. 

The  pterygoids  are  usually 
longer  and  more  slender  than  in 
Synaptowys,  and  the  hamular  pro- 
cesses less  strongly  bent  outward. 

Teeth. — The  incisors  in  Mictomys  are  much  smaller  in  proportion  to 
the  size  of  the  skull  tlian  in  the  subgenus  Synaptomys.  The  grooves 
in  the  upper  incisors  are  usually  nearer  the  middle  of  the  tootii,  and 
less  well  defined  than  in  true  Synaptomys. 

The  maxillary  teeth  (fig.  10)  are  exactly  as  in  the  subgenus  Synap- 
tomys. The  lower  molars,  however,  differ  from  those  of  true  Synaptomys 
in  the  absence  of  reentrant  angles  on  the  outer  borders  of  all  but  the 
hindermost.  Even  in  this  the  reentrant  angle  is  never  deep  enough  to 
isolate  an  outer  triangle. 

Mammcv. — In  the  tyY>e  of  Synaptomys  innnitus  there  are  eight  mammc^e, 
two  more  than  have  been  recorded  in  Synaptomys  proi)er.  Whether 


Fig.  9. — o.  Siinaptoiays  helalctcs;   h.  Synaptomys 
v:rangeli. 


1  See  Merriam,  Proc,  Biol.  Soc.  Washington,  X,  p.  57, 1896. 
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tliis  (litViTtMiro  is  t'onstiuit  or  olluTwiso,  it  is.  liowovor.  impossible  to 
say. 

iit'iu  nd  n  murks. — Mictomi/s  was  lirst  described  as  a  fall  <;eiiiis,  but 
the  elianu'ters  on  whieli  it  rests  are  of  no  more 
^    \   \  Hian  subgenerie  importance.    The  <iToup  is 

distini;iiislied  from  true  Si/n<(pto)ni/s  by  the 
^  slender  rostrum  and  incisors,  sliohtly  different 

form  of  bony  i)alate,  crenuhite  outer  border  of 
Fig.  lo.-Kuaiiiii  pattoru  oi    lower  molars.  and  i)robably  by  the  number  of 

molar  teeth.  St/naptom>/s  n.-  , 

uuitus.  (X...)  niamnne  also. 

Four  species  of  Mictonn/,s  have  thus  far  been 
described.  Si/iKiptomi/s  innKitiis  (True),  ^'.  icraiujcU  Merriam,  S.  daJH 
Merriam,  and      truei  .AFerriam.^ 


Geuus  LKMMl'S  Liuk. 

ITO.-i,  Leminus  Link,  Zool.  Beytriige,  I,  Pt.  II,  ]).  75,  179.").    Type  1>y  eliiuinatiou  Mas 
lemmiis  Liuu. 

1811.  Ifi/odes  Pallas.  Zoogr.  Rosso-Asiat..  I.  p.  172.  1811  (part  ). 

1877.  ifyodes  Cones.  Monogr.  X.  Am.  Rodentia.  p.  237.  1877.  and  most  sul)se«]nent 
antbors. 

Geographic  distribution  of  type  species. — Arctic  region  in  Asia  and 
eastern  Europe. 

Geographic  distribution  of  genus. — Arctic  region  in  both  hemis- 
pheres. 

Essential  characters : 

Upper  incisors  witbont  grooves. 

Lower  incisors  Avitb  roots  on  inner  (lingual)  side  of  molars. 
Molars  rootless. 

Enamel  pattern  as  in  Synaptomys. 
Feet  bigbly  modified. 

Palms  and  soles  witbont  well-developed  tubercles. 
Thumb  with  large  flattened  *  strap-sbaped  '  nail. 
Tail  sborter  than  bind  foot,  terete. 
External  ear  small  but  well  developed. 

Skull. — The  skull  of  Lemmus  (PI.  I,  fig.  6)  is  i)erhaps  the  most  highly 
modified  in  the  family  Jlicrotince.  The  rostrum,  like  that  of  Si/napfto- 
mys.  is  short  in  proi^ortion  to  the  length  of  the  skull  (nasal  bones  con- 
tained about  three  and  one-half  times  in  occipito-nasal  length),  the 
dorsal  profile  bent  abruptly  downward.  Zygomatic  arches  very  ab- 
ruptly and  broadly  flaring,  each  expanded  near  the  middle  into  a  wide, 
strongly  oblique  i)late.-  Brain  case  broad,  flat,  and  subquadrate  in 
outline,  but  dwarfed  in  appearance  by  contrast  with  the  large  zygomata. 
Pterygoids  short  (about  as  in  Synaptomys).  Bony  palate  terminating 
essentially  as  in  Synaptomys,  but  lateral  pits  very  deep  and  anterior 


'  See  Merriam,  Proc.  Biol.  Soc.  "Wasbington,  X,  p.  61,  1896. 
♦Tbese  plates  may  be  nearly  5  mm.  across  in  the  widest  part. 
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ol' int(',rptery*((>i(l  fbss;i  caiTicd  Ibrwiiid  over  (dorsad  to)  overhang- 
ing edge  ol"  palate  (IM.  1 1,  lig.  1  \).  The  anterior  edge  of  tin;  S(|uamosal 
Ibrins  51  narrow^  but  distin(^t  shelt-lik(^  l)ostorl)ital  ])i()('ess,  luueii  as  in 
{^lin(q)t<nn]i^,  but  more  stiougly  (l(;velo|>e(l. 

Teeth. — Tlie  deutition  ol"  Letntniis  is  essentially  the  same  as  that  of 
JSi/n((J)t<>wys.  Tiie  upi)er  ineisors  are,  howevei',  much  moi'e  slencb-r  in 
])roportion  to  the  size  of  the  skull,  and  are  without  the  jX'culiar  grooves 
always  present  in  Synajdomys.  In  the  pattern  of  euainel  folding,  the 
only  differenee  between  the  two  genera,  is  that  the  third  transverse  loop 
in  the  hinderniost  maxillary  tooth  is  iso- 
lated by  a  single  reentrant  angle  in  Synajf- 
toviys,  and  by  the  eontactof  two  reentrant 
angles  in  Lemmus  (lig.  11). 

External  form. — In  external  form  the 
species  of  Lemmus  dift'er  very  widely  from 

^  .  iiG.  11. — EnanHJi  pattern  of  molar 

all  other  mierotines  except  Incrostonyx.       tBath,  LcmrnuHinmnnx.  (xs.) 
The  head  is  disi)roportionately  large  for 

the"  short  thick  body,'  while  the  tail  is  redu('ed  to  a  mere  rudiment  only 
about  two- thirds  as  long  as  the  hind  foot.  The  feet  are  highly  modified 
to  fit  the  animals  to  their  fossorial  habits.  While  the  hind  feet  are 
unusually  large  and  strong,  the  front  feet  are  even  more  specialized. 
The  thumb  is  provided  with  a  large  ligulate  nail  and  the  fingers  are 
armed  with  long,  sharp  claws  (fig.  12).  The  claws  are,  however,  sim- 
ple in  form  and  are  not  subject  to  the  periodic  changes  that  occur  in 
those  of  Dicrostonyx. 

In  the  alcoholic  specimeiis  that  I  have  examined  the  palms  show  no 
trace  of  tubercles,  but  the  soles  bear  indications  of  sev- 
eral very  small  and  exceedingly  rudimentary  pads  close 
to  the  base  of  the  toes.  The  fur  is  remarkably  long  and 
dense,  the  palms  and  soles  densely  furred,  and  the  tail 
provided  with  a  pencil  of  stiff  bristle-like  hairs  longer 
than  the  tail  vertebrae 

General  remarlcs. — The  s^^ecies  of  Lemmus  are  true 
Fig.  12.— Left  front   lemmiiigs  with  highly  modified  skull  and  external  form, 
foot,    Lemmus   With  thcse  charactcrs  they  combine  the  dentition  of 
inrved)^^^^^^       Synaptomys  without,  however,  the  peculiar  incisors  of 
the  latter.   Lemmus  differs  from  Synaptomys  in  its  highly 
modified  skull  and  external  form  as  well  as  in  the  dental  character  just 
mentioned.    From  Dicrostonyx  it  is  distinguished  by  cranial  and  dental 
characters  and  by  the  well-developed  external  ears  (fig.  15),  as  well  as 
by  the  siini)le  claws  and  large  thumb  nail. 

The  species  of  Lemmus  at  present  recognized  are  L.  lemmus  (Lin- 
niTBUs),  L.  ohensis  (Brants),  X.  scMsticolor  (Lilljeborg),  and  L.  nigripes 
(True).  • 

'  This  peculiarity  is  carried  even  further  in  Lemmus  than  in  Synajytomys. 
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t  ion  us  nUMxOsrONYX  (ilojjor. 

18,»0.  (  itnii-iilus  Wagler,  Nat.  Syst.  d.  Amphibion.  }).  M,  18;>0  ^part). 
ISTT.  Cuuh'iilua  Cones.  Moiiojjr.  N.  Am.  Koilont ia.  p.  '2V,\  1877. 

ISll.  Picrostoniix  (.Uojior.  (uMnoinu.  Hand-  n.  llilfsbucli  d.  Natnrijoscli.,  ]>]).  XXX I,  97, 
1811.    Tyj>e.  an  Aniorioaii  spoi'ios.  ])iol)ably  Mtis  hudmoniits  Tall. 

18r>4.  "  Mi/oh  mmuK  Voine],  Ann,  Soi.  Soo.  Auvorgiie,  18.")1 (I'kU'  Tioucssart). 

18,"».  Mlst>thcriin(s  HtMiscl,  Zoitsohr.  der  Dtnitscli.  i^eoloij.  Gesollsch.,  VII,  p.  IS)!*,  1855. 
Typo  .»///<)(/<>•  toniiiatiis  Pall. 

1881.  liorioikou  PidyakotV.  Mom.  Acad.  lini).  Sci.  S(.  rctcrsbouru-,  XXXIX,  sui)])!.  p.  :U, 
1881.    Typo  Mi/odt's  (onutatiis  Pall. 

Geofirapluc  distribution  of'  type  species. — Arctic  America. 
Gcofpufphic  distribution  of  gen  us. — Arctic  region  in  both  hemispheres. 
Essential  characters: 

Upper  incisors  without  j>rooves. 

Lower  incisors  with  roots  on  inner  (linijual)  side  of  molars. 
Molars  rootless. 

Enamel  pattern  characterized  by  approximate  e(|nality  of  reentrant  angles. 

m  1  with  7  closed  triangles  and  2  transverse  loops. 

m  3  with  3  or  4  closed  triangles  and  2  transverse  loops. 

Feet  highly  modified . 

Palms  smooth;  soles  with  rudimentary  tubercles. 
Thumb  with  a  rudimentary  nail. 
Tail  shorter  than  hind  foot,  terete. 
External  ear  rudimentary. 

Sliull. — The  skull  of  Dicrostonyx  (PI.  I,  fig.  14)  In  a  general  way 
resembles  that  of  Lemmus,  but  is  smaller  and  more  lightly  built.  The 
zygomata  are  less  broadly  flaring  and  the  exi^ansion  uear  the  middle  is 
comparatively  slight.    The  outer  face  of  the  expanded  portion,  as  in 
Lemrnus,  is  strongly  oblique.    The  rostrum  is  also  lighter  and  more 
slender.   While  the  i)terygoids  are  proportionally  longer  than  in  Lem- 
mus,  the  posterior  edge  of  the  bony  palate  is  formed  exactly  as  in  the 
latter  (PI.  II,  figs.  12  and  14).    The  anterior  edge  of  the  squamosal 
gives  off  a  conspicuous  peg-shaped  postorbital 
Lrl  '\^A(\'G.r\    process  very  different  from  the  i)ostorbital  proc- 
^\jti^V/w'^    ess  in  Lenimus  or  any  of  the  other  Microtiwe. 
/)iiA^lAO"^^CA^VH)/)    "^^^s®  v^g^  are  especially  conspicuous  when  the 
^^^^Xr^^^  skull  is  viewed  from  the  ventral  aspect. 

Fig.  i3.-Enamei  pattern  of  Teeth. — lucisors  essentially  as  in  Lemmus. 
molar  teeth,  mcrostonyx from  ^Jolars  rootlcss.  Pattern  of  enamel  folding  (fig. 
iTngava,  Labrac  or.  (x  5.)  ^^^^  ^^^^  different  froDi  that  of  either  of  the  other 
genera  of  Lemmi  and  in  some  respects  resembling  that  of  the  Microti. 
The  reentrant  angles  on  the  opposite  sides  of  the  teeth  are  approxi- 
mately equal  in  depth, 'thus  producing  closed  triangles  of  nearly  the 
same  size  on  the  two  sides.  The  first  lower  molar  contains  seven  closed 
triangles  in  addition  to  a  transverse  loop  at  each  end.  The  second 
lower  molar  contains  a  posterior  loop  followed  by  four  alternating 
closed  triangles  and  an  anterior  transverse  loop,  which  is  much  flattened 
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Yui.  14.— Ear,  (a)  Dicrostonyx,  (b)  Lcmmus 
(double  natural  size; 


and  so  small  that  tlie  1  ips  of  tlic  saliciil  angles  do  not  icacli  t(;  the  level 
ot  the  tii)s  of  the  otlier  sali<'iit  angh's  oC  the  tootli.  ()c(;asioiially  the 
anterior  outer  trianghi  opens  into  tlie  transv(;rs(;  loop.  Tlie  ])Osterior 
lower  molar  lias  a  ])osterior  transverse  looj)  followed  by  thr(;e  large 
closed  or  nearly  closed  triangles  (two  on  the  inner  side),  and  a  fourth 
smaller  triangh^  on  the  outer  side.'  TIh;  maxillary  teeth  have  each  a 
large  anterioi-  loo[).  This  is  followed  in  the  first  by  five  alternating 
closed  triangles  and  a  small  i)ost(iro- 
external  loop,  in  the  second  by  four 
closed  triangles  and  a  small  postero- 
external loop,  and  in  the  third  by  tour 
closed  triangles  and  a  small  rounded 
terminal  loop. 

Ext enial  form. — In  external  form  the 
species  of  J)icrosfoiii/.r  are  even  more 
specialized  than  the  members  of  the 
genus  Lemmus.  .Vs  in  the  latter,  the 
hea'd  is  very  large,  the  tail  is  reduced  to 
a  stub,  shorter  than  the  hind  foot,  and 
the  feet  are  highly  moditied  for  digging. 
The  external  ears  are,  however,  mere  naked  folds  of  integument  lying 
just  behind  the  meatus  (fig.  14  a).  The  fur  is  long  and  dense,  much  as  in 
Lemmus.  The  palms  and  soles  are  densely  furred,  and  the  tail  is  pro- 
vided with  a  stiff  pencil  of  bristle-like  hairs,  longer  than  the  tail  vertebrje. 
The  hind  feet  are  very  broad,  the  breadth  at  base  of  toes  being  about 
one-half  length  of  foot.^  On  the  hind  foot  there  are  several  minute, 
faintly  develoi^ed  tubercles  near  the  base  of  the  toes.  The  palms  are^ 

however,  i)erfectly  smooth.  The  claws  on 
the  hind  feet  are  large  and  w^ell  formed, 
though  in  no  way  different  from  those  of 
Lem  m  us.  Those  on  the  front  feet  are  very 
highly  modified,  and  x)resent  seasonal 
changes  in  size  and  form  unknown  else- 
where among  the  Micyotbuv.  The  thumb 
(lig.  15)  is  greatly  reduced  in  size.  The 
thumb  nail  is  so  small  as  readily  to  escape 
notice,  but  the  ball  of  the  thumb  projects 
as  a  distinct  tubercle,  the  surface  of  which 
is  covered  with  a  thick  layer  of  corneous  tissue.  The  claws  on  the 
second  and  fifth  fingers  are  large,  though  not  peculiar  in  form.  The 
two  middle  claws,  on  the  contrary,,  while  in  summer  not  different 
from  those  of  Lemmus,  are  in  winter  very  greatly  enlarged  (fig.  15),  and 


Fig.  15.— Left  front  foot  of  tliree  speci 
mens  o{ Dicrostonyx  from  Alaska,  show 
ing  successive  stages  in  the  develoi) 
ment  of  the  claws  (hair  removed). 


1  In  JJicrostonyx  iorquatus  there  is  a  niiuute  supplemental  anterior  internal  looj) 
wliicli  is  absent  in  the  species  that  occurs  in  Labrador. 
-In  Lemmus  this  breadth  is  only  about  one-third  length  of  foot. 
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wholly  unliko  thoso  ol'  any  other  iiu('r(>liiu\  Dr.  Cones's  doscript ion 
of  tlio  chnvs  of  Picrostoin/.v  is  so  int(Mvsiinii'  that  it  may  ho  quotod 
alnu»si  (Mitiro.    lie  says  i^Monour.  N.  Am.  luxleiilia,  ])]>,  1*4S.  1*1!)): 

Tho  two  miildlo  foro  I'laws  attain  their  maxiinuni  «)f  t>]()i)iuont  in  winter.  In 
sprinj;  ami  early  suntniiT  those  «laws  do  not  appear  V(>ry  ditVerent  from  those  of 
Ml/odes  [---  Lrmnnts],  thouj^h  avera<;in<x  lar<;er.  more  bulbona  at  hase  nnderneath,  with 
tlu'  ternuual  portion  skMnlerer,  straii^hter.  and  sharper.  This  bnlhona  portion  nnder- 
neath jxrows  ont  simnltaneonsly  with  increase  in  lonj^th  and  amonnt  of  cnrvatnre  of 
the  main  portion  of  the  claw,  nntil  it  eipials  or  even  exceeds  tho  length  of  tho  latter, 
and  is  qnite  as  stont,  or  even  stonter,  beinji"  somewhat  broad  anil  pad-like.  At  this 
period  it  rnns  the  whole  length  of  the  claw,  fron\  which  it  is  separated  hy  a  groove 
along  the  sides,  and  by  a  uotcb  at  tho  end,  both  of  varying  depth.  Tho  claw  then 
looks  nearly  like  two  claws,  ono  iinderneatli  tho  other.  Tho  pad  w^onld  then  soem  to 
gradnally  sever  its  connec  tion  with  tho  main  claw  by  progressive  increase  in  depth 
of  the  constriction  marked  by  the  lateral  groove  and  terminal  notch,  as  well  as  by 
loosening  from  the  base,  when  it  appears  like  an  excrescence ;  it  is  fmallj^  lost.  Thns 
the  process  appears  to  be  a  periodical  one,  like  tho  shedding  of  the  horns  of  rnmi- 
nants.  and  not  continually  progressive  with  age;  and  would  seem  to  be  connected 
with  tbe  particularly  fossorial  habits  of  tho  quasi-hibernating  animal  tliat  digs  gal- 
leries under  ground  in  Avhich  to  reside  during  the  cold  season,  as  compared  with  its 
freer  and  more  active  mode  of  life  in  summer.  At  the  period  of  the  maximum 
development  of  the  claws  these  equal  or  surpass  half  an  inch  in  length.    -    *  * 

General  remarls. — Dlcrosfonyx  is  so  readily  distinguished  hy  its 
peculiar  dentition,  highly  modified  feet,  and  rudimentary  external  ears, 
that  it  requires  no  detailed  comparison  with  any  other  genus. 

While  BlcroHtonyx  torquatus  (Pallas)  is  the  only  species  now  recog- 
nized, there  are  doubtless  several  others. 

Genus  PHEXACOMYS  :\Ierriam. 

1889.  rhenacomys  Merriam,  North  American  Fauna  Xo.  2,  p.  28,  October  30,  18^9, 

Geogrcqyhic  distribution  of  type  npecies. — Phenacomys  intermedins  is 
known  only  from  the  type  locality,  Kamloops,  British  Columbia. 

Geofjraphic  distribution  of  genus. — Boreal  Xortli  America;  also 
recorded  from  the  bone  breccia  of  Beremend,  southern  Hungary,  and 
the  Forest  Beds  of  Norfolk  and  Suffolk,  England  (]^ehring,  Xaturwis- 
senschaftli(;lie  Wochenschrift,  Xr.  28,  p.  34G,  July  15,  1894.)' 

Essential  characters  : 

Upper  incisors  without  grooves. 

Lower  incisors  with  roots  on  outer  side  of  molars. 

Molars  rooted. 

Enamel  pattern  characterized  by  approximate  cfjuality  of  reentrant  angles  in 
maxillary  teeth  and  great  dei)tli  of  reentrant  angles  on  inner  side  of  maudil.Milar 
teeth. 

m  1  with  five  closed  triangles. 

m  3  with  two  or  three  closed  triangles, 


'  I  have  not  seen  tho  original  description  of  the  remains  from  Beremend  (described 
by  Xehring  in  Xaturwissenschaftliche  Wochenschrift,  1883).  The  teetli  from  the  For- 
est Beds  represent  an  animal  which  is  certainly  not  Phenacomys.  (See  uoteon  Arvicola 
intermediits  Xewton  on  page  75.; 
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Bony  ]»ulat<^  not  1cnnin:it  in;^  in  :i  t  liin-iMl/^ed  slnll"  cniit  iniions  l>«'t\v<cn  ahcoli 
of  ]>o.st<'rior  incisors. 

I'cct  not  Hpeciiilly  modified. 
Tiinnil)  with  :i  small  pointed  n.iil. 
'lai!  lon^MT  tli;iii  liind  loot,  tctctc. 
I'ur  not  siKicia  1 1  \  inodilicd. 


))  (111 

Tlie 


Icis  very  sli^^iitly  in 


bniiii  case  is,  how- 


Iff!, 


Skull. — 'riic,  skull  ol'  riir)iac(>)ni/.s  (\*\.  I, 
fjencnil  Ibrni  from  tluit  of  typical  Micro! n.s. 
tncr,  Hatter  and  more  (inadnitc  (but  no  more 
so  tliaii  in  tlK^sub^icnera  Ltu/uni.s  and  /'iti/nii/s), 
and  tlie  zygomata  l)end  down  somewhat  more 
abruptly  in  front.  The  exj)ansion  of  the  zyj^o- 
iiia  at  tlie  re(;:ioii  of  contact  between  tlie  malar 
and  the  zyj:;omati(;  ]»roc(iss  of  the  maxillary  is 
rather  more  abrupt  than  is  usual  in  Microfns, 
but  the  difference  is  very  trifling'.  The  postor- 
bital  processes  of  the  scjuamosals  are  slightly 
iiiore  prominent  and  angular  than  \ii  Microtus 
arr((l is  or  ^f.pcnnsylrani(•usJhut  scarcely  more 
developed  than  in  M.  agrcstis,  and  consider- 
ably less  so  tlian  in  Af.  alleni.  The  audital 
bulhe  are  proportionally  about  the  same  size 
as  or  slightly  smaller  than  in  Microtufi  arralis. 
They  are  more  globular  and  less  ^  subfusiform ' 
than  in  the  typical  species  of  true  Microtm,  but  closely  resemble  those 
of  M.  Of/rest  is.  The  i)alate  (PI.  II,  fig.  1)  is  formed  essentially  as  in  the 
members  of  the  subgenus  Lagurus  (PI.  II,  figs.  3  and  4). 

Teeth. — The  teeth  of  Phcnacomys  differ  in  many  Tvays  from  those  of 
the  other  voles.    In  young  individuals  the  molars  (fig.  IG)  are  rootless, 
but  by  the  time  the  animals  are  full  grown  each  molar  has  developed 
two  distinct  roots,  which,  however,  remain  open  until  an  advanced  age, 
though  not  so  long  as  in  the  genus  Evotomys. 
The  i^attern  of  enamel  folding  (fig.  17)  is  essen- 
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Fig.  16. — Side  view  of  molars, 
Thenacomys.  (a)  youn;f,  (h) 
adult,    (x  ?..) 


Fig.  17.— Enamel  pattern  of 
molar  teeth,  Fhmacomys 
cclatvs.  (x5.) 


tially  the  same  as  that  of  the  voles  of  the  sub- 
genera Pedomys  and  Fhaiomys.  (See  pp.  5G  and 
57.)  The  differences  are  to  be  found  in  the  lower 
molars  where  the  reentrant  angles  on  the  inner 
side  are  proportionally  deeper  and  those  on  the 
outer  side  proportionally  shallower  than  in  Ped- 
omys. There  is  a  corresiDonding  difference  in  the  size  of  the  closed 
triangles  on  the  opposite  sides  of  the  teeth.  The  anterior  outer  loop 
in  the  second  lower  molar  is  especially  reduced. 

In  Phenacomys  the  root  of  the  lower  incisor  runs  back  between  the 
roots  of  the  second  and  third  molars,  and  terminates  on  the  outer  side 
of  the"  tooth  row  in  the  ascending  ramus  of  the  jaw,  at  about  the  level  of 
the  middle  of  the  posterior  molar,  and  distinctly  below  the  dental  fora- 
men. (PI.  Ill,  fig.  2.)  While  exactly  this  condition  is  not  found  else- 
where except  in  Evotomys,  it  is  somewhat  closely  approached  in  Fiber. 
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Kjtt'nuil  form. — In  oxtoriial  toriu  tho  si^'ciosof  rhciHiconn/s  show  no 
pmiliarities  to  distinguish  thorn  from  the  other  voles.  The  body,  tail, 
feet,  ears,  and  eyes  are  usually  proportioned  about  as  in  Microtus  arvn- 
liit  or  M.  (lustcriis.  In  /*.  l(HH/ic<tU(}<(,  however,  the  tail  is  proportionally 
lou«;er  than  in  any  of  the  other  known  s})ecies. 

(icncr((I  remarks. —  Plicnaconn/s  [^^  readily  distinguished  from  Microtus 
by  the  rooted  molars.  From  IJrotoun/s,  l^lioKxcofni/s  is  separated  by 
eertain  eharaeters  in  tlie  tbrm  of  the  skull,  and  more  especially  of  the 
bony  palate,  as  well  as  by  iieenliarities  in  the  teeth.  The  differeuees 
between  the  three  <ienera  may  be  compared  in  detail  as  follows: 


Microtus. 


JEvotomys. 


r/tenacomys. 


Root  of  lower  incisor  above  den- 
tal foramen. 
Molars  rootless  througliout  lift-. 


Molars  large  and  strong,  the 
salient  angles  sharp. 

Reentrant  angles  on  outer  and 
inner  sides  of  lower  molars  ap- 
proximately equal  in  depth. 

Skull  strong  and  angular  

Posterior  border  of  bony  palate 
extreme] V  variable. 


Middle  portion  of  zygoma  dis- 
tinctly expanded. 


Root  of  lower  incisor  below  den- 
tal foramen. 

Molars  rooted  iu  the  adult,  the 
roots  closed  in  extreme  old 
age. 

Molars  small  and  weak,  the  sal- 
ient angle  rounded. 

Reentrant  angles  on  outer  and 
inner  sides  of  lower  molars 
approximately  equal  in  depth. 

Skull  weak  and  rounded  

Posterior  border  of  bony  palate 
a  thin-edged  shelf  continuous 
between  alveoli  of  posterior 
molars. 

Middle  portion  of  zygoma 
scarcely  exjianded. 


Root  of  lower  incisor  bolow  den- 
tal foramen. 

ilolars  rooted  iu  the  adult,  the 
roots  closed  in  extreme  old  age. 

Molars  large  and  strong,  the  sal- 
ient angles  sharp. 

Reentrant  angles  on  inner  side  of 
lower  molars  very  much  deeper 
than  those  on  outer  side. 

Skull  strong  and  angular. 

Posterior  border  of  palate  never 
a  thin-edged  shelf. 


Middle  portion  of  zygoma  dis- 
tinctly expanded. 


Since  the  discovery  of  the  genus  Fhenacomys  the  following  species 
liave  been  described:  P.  intermecUus  Merriara,  P.  celatus  Merriam,  P. 
ungaca  Merriara,  P.  latimanus  Merriam,  P.  oropliilus  Merriam,  P.  longi- 
cauda  True,  P.  triiei  Allen,  and  P.  oramontia  Ehoads.  The  status  of 
these  forms  is  wholly  a  matter  of  conjecture. 


Genus  EVOTOMYS  Coues. 

1839.  Mtjodes  DeSdlys  Longcliamjjs,  Etudes  de  Micromammalof^ie,  p.  ><1,  1839  (sec- 

tion). 

1883.  Mijodcs  Lataste,  Le  Xaturaliste,  Tome  11,  p.  349,  1883  (subp:enu8). 

1840.  Hypudouis  Keyserling  and  Blasius,  Die  Wirbeltliiere.    Eiiropas,  p.  34, 1840  (sub- 

genus;.   Type  Mu8  glareohis  ScLreber.    (Not  Hypuda  us  Illiger,  1811.) 
1857.  JIi/pud(jhus  Baird,  Manim.  X.  Am.,  p.  513,  1857  (subgenus). 

1874.  Evoiomijs  Coues,  Proc.  Acad.  Xat.  Sci.  PLila.,  p.  186,  1874  (genus;.    Type  Alus 
rutilufs  Pall 

Geofjrnphio  distribution  of  type  species. — Arctic  region  in  Europe  and 
Asia,  possibly  in  America  also. 

Geographic  distribution  of  genu.s. — Boreal  Xorth  America,  Asia,  and 
Europe. 
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I'Jssenfial  chardcfers: 

lIpjKT  iiiciHorrt  witlioiit  looves. 

Lower  iiiciKOiH  with  loots  on  outer  sichi  of  iiiolarH. 

Mol.-ir.s  rooted. 

Enanicl  i)Jitt(!rii  cliarjicterizcd  by  approxiuiato  e(|uality  of  r<;(!ritraiit  anj^les. 
Til  1  with  live  eloHed  or  nearly  <1o8<mI  trianj^lcH. 
m  3  with  throo  ch)Sod  trian;;les. 
Feet  Jiot  8i)(!eially  modided. 
Thumb  with  a  small,  ])()iuted  claw. 
Fur  not  specially  moditied. 
Tail  longer  than  hind  foot,  terete, 
Shidl. — Tlie  skull  of  J^votomi/s  (PI.  1,  lig.  4),  as  (•oini)arcMl  with  that 
of  the  other  voles,  is  (jliaraeterized  by  a  general  weakness  and  lack  of 
angularity.    All   the   outlines    are   full  and 
rounded,  and  the  ridges  and  furrows  are  sliglitly 
deveh)ped,  even  in  extreme  old  age.    The  in- 
terorbital  region  is  broader  and  the  audital 
bulla' are  larger  and  more  inthited  than  usual  in 
Microttis  and  Phenacomys.    On  the  other  hand, 
the  zygomata  are  very  slender  and  scarcely 
widened  in  the  region  of  contact  between  the 
jugal  and  the  zygomatic  process  of  the  maxillary. 
The  mandible  also  is  slender  and  weak.  The 
bony  palate  terminates  in  a  thin-edged  shelf, 
continuous  between  the  alveoli  of  the  posterior 
incisors  (fig.  7  and  PI.  II,  hg.  10).    The  structure 
is  very  dififereiit  from  that  found  in  Phenacomys 
and  in  typical  Microtus.^ 

Teeth. — The  incisors  are  exactly  as  in  Phenacomys.  The  lower  incisor 
runs  back  along  the  lingual  side  of  the  first  and  second  molars,  but 
crosses  the  line  of  the  molar  tooth  row  between  the  second  and  third 
molars,  terminating  in  the  ascending  ramus  of  the  mandible  at  about 
the  level  of  the  middle  of  the  posterior  molar  and  distinctly  below  the 
dental  foramen.  The  molars  are  rootless  in  the  young  (fig.  IS),  but  in 
the  adult  each  is  provided  with  two  distinct  roots 
which  eventually  become  fully  closed.^  In  one  very 
old  individual  the  crowns  of  the  lower  molars  are 
completely  worn  away,  so  that  each  root,  with  the 
exception  of  the  anterior  root  of  m  3  (which  has 
been  shed)  stands  alone  like  a  simple,  round-topped 
tooth  (PI.  Ill,  fig.  4).  The  molars  are  all  very 
narrow  and  weak,  in  this  character  strongly  contrasted  with  the  strong, 
broad  teeth  of  Microfus  and  Phenacomys. 


Fig.  18.— Side  view  of  molars, 
Evotomyg.  (a)  young,  (b) 
adnlt.    (X  3.) 


Fig.  19.— Enamel  pattern 
of  molar  teetli,  Evotomys 
gapperi.  (x5.) 


'  For  detailed  comparison  of  the  palates  of  Evotomi/s  and  Wicrotus  see  pages  26-28. 

^lu  the  original  description  of  the  genus  Phenacomys  (North  Am.  Fauna  Xo.  2, 
p.  30)  it  is  stated  that  ^'Phenacomys  has  genuine  rooted  molars,  not  half-rooted 
molars  like  those  of  Evoiomys,  which  grow  from  persistent  pulps."  Evotomys,  how- 
ever, has  as  perfectly  rooted  molars  as  Phenacomys,  though  the  roots  do  not  close  so 
early  in  life. 
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Ill  tlu'  mimbi'V  and  nnnniitMnent  of  triauiilos  tlie  enaiiu'l  i)atterii 
\^tiu.  lO^i  is  the  same  as  iliat  of  the  totrainorodoiit  specios  of  Microtus 
( set' i>.  (>")).  Thesaliont  aiiiilos  aiv,  liowover,  for  tlio  most  nart  rounded, 
and  so  placod  tliat  tlio  trian»ilos  are  seldom  fully  closed. 

I\.i  t(  rm(l  form. —  In  external  form  Evotomys  does  iu)t  ditter  essent iall}^ 
from  Microtus,  althoujjli  the  ears  are  usually  larj^er.  The  red  or  rufous 
eolor  of  most  of  tlie  speeies  iiives  tliem  a  very  dilVerent  ai)pearan('e 
from  the  other  voU's. 

(r(  )i(  rdJ  rcnmrks. — The  eliaraeters  ^yhieh  se])arate  Krotonn/s  from  Mi- 
crotus and  rhcn((conii/,s  have  been  presented  in  such  detail  under  the  hit- 
ter that  it  is  imuecessary  to  consider  tbem  further.  The  peculiar  bony 
palate  of  ^Jrofomi/s  has  been  considered  one  of  the  best  generic  charac. 
ters.  Since  the  discovery  that  it  is  perfectly  reproduced  in  two  subgenera 
of  Microtiis  {Auteliomys  and  Eothenomys)  it  loses  much  of  its  importance. 

The  genus  Erotomys  is  represented  in  Europe,  Asia,  and  North 
America  by  numerous  species  and  subsi)ecies  whose  interrelationshii)s 
are  at  i)resent  little  understood.  Among  the  American  species  may  be 
mentioned  E.  yapperi  (Vigors),  E.  fiiscodorsalis  Allen,  E.  yalei  .Merriam, 
E.  idahoeiisis  Merriara,  E.  californicus  Merriam,  and  E,  occidentaUs  Mer- 
riam: among  those  found  in  the  Old  World  are  E.  rutilus  (Pallas),  E. 
ylareoJus  (Schreber),  and  E.  rufocanus  (Sundevall). 

Genus  MICROTIAS  Schraiik. 

1798.  Microtus  Sdiiank,  Fjiuna  Boica,  I,  Iste  Abth.,  p.  72,  1798.    Tyijc  by  <'liiiiiuatiou 

Microius  terresiris  Schraiik  =        arvalis  Pall. 
1883.  Microtus  Lataste,,  Le  Xaturalistc,  Tome  II.  p.  348,  1883. 

1801.  Arvicola  Lac6pede,  Mem.  de  riiistitut.  Ill,  p.  489,  1801.    Type  ' Arr  'wola  amplii- 
bius'  =  Mu8  ierrestris  Linn. 

Geographic  (listribution  of  type  npecien. — Central  P^urope  and  parts  of 
Asia. 

Geographic  distribution  of  genns. — In  both  hemisplieres  the  genus 
Microtus  ranges  from  near  the  northern  limit  of  mammalian  life  to  the 
edge  of  the  tropics. 

Essential  characters  : 

Upper  incisors  without  grooves. 

Lower  incisors  with  roots  on  outer  side  of  molar  series. 
Molars  rootless. 

Enamel  pattern  characterized  Ijy  approximate  equality  of  reentrant  angles. 

m  1  usually  with  five  closed  or  nearly  closed  triangles. 

m  3  with  one,  two,  or  three  closed  triangles. 

Tail  nearly  always  longer  than  hind  foot,  terete. 

Feet,  fur,  eyes,  and  ears  very  variable. 

Thumb  never  with  a  well-develoi)ed  ligulate  nail. 

^Skull. — The  skull  of  Microtus  varies  greatly  in  shape  among  the  dif- 
ferent subgenera.  Full  descriptions  will  be  given  under  each  of  these. 
Considering  the  genus  at  large  it  is  difficult  to  frame  any  diagnosis  by 
which  the  skull  may  be  in  every  case  distinguished  from  that  of  the 
other  voles.    3Iost  of  the  characters  which  at  various  times  have  been 
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20. — Side  A  icw  of  iiiolans  of 
adult  Microtiis  allcni.    (x  2.) 


broil }^lit  forward  for  this  i)ii!i)os<',  i)rov(i  to  Ix'  cither  \\  holl>-  inconstant 
or  constant  only  whiMi  j)arti(Mihir  subg-cncr;i  nrc  lichi  in  \ 

7Vv'//,. _ A Ithoii.^li  tlic  sknil  of  Microlxs  |)r<*s(^nts  no  tangible  diag- 
nostic charactcis,  the  lc(^lh  ar(^  readily  distiiigiiishable  from  tiiosiiof 
all  other  members  of  the  subfamily.  The  iijuxm  incisors  are  never 
groo\('(l  cxcei)t  in  occasional  abnormal  s|)e(;ini<'ns.  The  root  of  th(i 
lower  incisor  crosses  tlui  line  of  the  molar 
series  ix'tween  the  second  and  thir<l  molars, 
causing  a  greater  displacement  of  the  roots 
of  the  latter  (PL  ill,  lig.  than  o(-curs  in 
an>'  other  genus.  It  terminates  in  the  as(;eii(l- 
ing  ramus  of  the  mandible  at  a  point  slightly 
above  and  behind  tlie  dental  foramen  (1*1.  Ill, 
tig.  3).  The  molars,  even  in  extreme  old  age, 
are  never  rooted  (tig.  20).  This  character 
alone  distinguishes  them  from  the  molars  of 
the  other  voles.  The  pattern  of  enamel  folding- 
varies  considerably  in  the  different  subgenera,  and  forms  one  of  the 
numerous  chara(;ters  by  which  the  latter  may  be  sei)arated.  Detailed 
descriptions  of  the  enamel  patterns  are  given  in  the  acc(mnts  of  the 
subgenera. 

External  form. — In  external  form  the  members  of  the  genus  Mlcrotus 
vary  excessively.  Some  resemble  lemmings  so  closely  that  they  have 
been  associated  with  these  by  certain  writers.  Others  are  modified  for 
an  aquatic  life  and  in  consequence  have  more  the  appearance  of  musk- 
rats  [Fiber).  Still  others  pass  most  of  their  time  under 
ground.  In  these  the  ears,  eyes,  and  tail  are  reduced, 
the  front  feet  enlarged,  and  the  fur  so  modified  as  to 
suggest  that  of  the  moles.  The  great  majority  of  spe- 
cies, however,  show  none  of  these  special  adaptations^ 
but  resemble  in  a  general  way  the  members  of  the  genera 
Phcnacomys  and  Evotomys.  Whatever  may  be  the  modi- 
fications in  form,  the  tail  is  almost  invariably  longer 
than  the  hind  foot  and  the  thumb  is  armed  with  a  small 
or  rudimentary  pointed  nail  (fig.  21). 
General  remarls. — The  characters  of  Microtu^^  as  contrasted  with 
Evotomys  and  PUenacomys^  have  already  been  given  42)  and  need  not 
be  repeated  here. 

Subgenus  EOTHENOMYS  ^  Miller. 
New  subgenus.    Type  Arvieola  meJanogaster  Milne-Edwards. 

Geographic  distribution  of  type  species. — Moupin,  western  Sechuen^ 
and  western  Fokien,  China.  (Blanford.) 

Geographic  distribution  of  subgenus. — Microtus  melanogaster  is  the  only 
known  species  of  Eothenomys,  hence  the  geographic  distribution  of  the 
subgenus  is  the  same  as  that  of  the  type  species. 


ria.21.— Left  front 
foot,  Microtus 
terrestris. 


^'Hcbi,  the  morning  (eastern);  Qev,  from;  juvi,  mouse. 
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J-^ssc)iti((l  ch((  ractcrs : 

Talaio  altnoniKil. 

Ill  ;>  without  t  losod  Iriangh'S. 

in  1  with  triaiiiiies  Iroqueiitly  open  ami  8  or  5)  salient  anorlos. 
m ^  with  triangles  usually  open  and  (5  salient  angles. 
ManiUKe  (nnniber  not  knownV 
riantar  tubercles.  5. 
JSole  hairy. 

Claws  on  hind  feet  longest. 

Fur  apparently  st»niewhat  niodilied. 

Skull. — In  the  si>cc'iiiioiis  of  I'Jothcnofnys  tliat  1  liave  exaiiiiiicd  the 
skull  is  not  iu  sulliciently  good  condition  to  i)ermit  of  any  detailed 
descri]>tion.  The  peculiar  structure  of  the  bouy  i^alate  taken  in  con- 
nection TTitli  the  teeth  is,  however,  of  itself  enough  to  characterize  the 
group. 

Bony  pdhite. — Uufortunatel}"  iu  the  two  specimens  of  Microiiis  mclano- 
(jastvr  that  I  have  seen  (82.G.1G.11  and  92.10.12.5,  British  Museum 
Kegister)  the  basal  part  of  the  skull  is  so  injured  that  the  form  of  the 
interpterygoid  fossa  can  not  be  determined. 
The  bony  i)alate,  however,  is  sufficiently  pre- 
served to  show  the  essential  details  of  its 
structure  (PI.  II,  fig.  11).  That  part  of  the  pal- 
ate which  lies  in  the  level  of  the  roof  of  the 
Fig.  22.— Enamel  pattern  of  mouth  cuds  abruptly  oppositc  the  frout  end  of 
7^oJXmei^rl7a1t^^^^^  i^'.)  ^hc  back  Upper  molar  in  a  straight-edged  shelf 
which  extends  without  notch  or  projection  from 
alveolus  to  alveolus.  Although  the  form  is  thus  strikingly  different 
from  that  of  the  typical  microtine  i^alate,  the  vestiges  of  the  structure 
there  present  may  still  be  recognized.  The  lateral  grooves  and  median 
ridge  are  present,  though  slightly  developed.  The  former  terminate  in 
two  depressions  lying  just  in  front  of  the  wide,  flat,  lateral  bridges 
which  completely  obliterate  the  posterior  ends  of  the  grooves,  and 
together  with  the  terminal  part  of  the  median  ridge  form  the  edge  of 
the  palatal  shelf.  The  palate  in  all  its  essential  characters  is  thus 
exactly  like  that  of  Evotomys. 

Enamel i)atiern  in  general. — The  enamel  pattern  in  Eothenomys  (fig. 
22)  is  in  many  ways  remarkable.  The  triangles  in  all  the  teeth  tend  to 
remain  open,  the  points  of  the  salient  angles  are  blunt  and  rounded  as 
in  Evotomys,  the  triangles  on  the  outer  and  inner  sides  of  the  teeth  are 
subequal  in  size,  and  the  maxillary  teeth  are  especially  noticeable  for 
their  likeness  to  each  other.  The  figures  published  by  Blanford^  fail 
to  do  justice  to  the  teeth  of  this  species.  These  are  better  represented 
in  Milne-Edwards's  original  iilate,'^  in  which  there  is  also  a  hint  at  the 
palate  structure. 

1  Journ.  Asiatic  ,Soc.  Bengal,  L,  pt.  II,  PI.  II,  fig.  A. 

2Ee<  herches  p.  servir  a  Thistoire  nat.  d.  Manimifcres,  \ol.  1,  PI.  XLA'I,  figs.  Ic 
and  Id. 
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Front  Uni'cr  molar. — 'IMic  liist  lower  iiiolai*  liiis  the  usual  transverse 
l)()Steri()r  looj)  and  a  iiioderjitely  hn\<f  rounded  anterior  looj),  with  a 
stron<;-  salient  an^le  at  ejicli  side  of  tiie  base.  It  has  live  lateral  tii- 
anji'les,  three  on  the  inner  sid<',  t  w  o  on  the  outer  side  These  maybe 
l)erleetly  isolated,  or  more  ol'ieii  widely  open.  lv\(  e[)1  tor  the  j;Teater 
tendency  to  ecpiality  in  the  ti  ian.^les,  the  teeth  in  the  lower  Jaw  do  not 
difler  Aery  ^^reatly  from  the  niandil)ular  teeth  of  true  MlcrotUH. 

Bade  upj)(  r  molar. — The  posterior  maxillary  tooth  most  nearly  resem- 
bles that  of  rcdomjjs.  The  anterior  loop  is  followed  by  two  lateral 
triangles,  subequal  in  size  and  more  or  less  (;omi)letely  isolated  from 
each  other  and  from  the  anterior  loop.  The  third  lateral  triangle  is 
reduced  to  a  strongly  developed  salient  angle  on  the  inner  side  of  the 
l)osterior  transverse  loop.  A  second  salient  angle  is  formed  on  the 
outer  side  of  this  loop,  which  thus  appears  as  a  crescent  joined  near 
the  middle  of  its  concavity  to  the  rest  of  the  tooth. 

Other  teeth. — The  middle  ui)per  molar  has  a  postero  internal  loop 
nearly  as  large  as  the  i)ostero  external  loop,  the  two  placed  opposite 
each  other.  The  result  is  a  tooth  of  practically  the  same  shape  as  the 
one  behind  it.  The  anterior  upper  molar  is  likewise  provided  with  a 
very  large  postero- internal  loop  opposite  the  loop  on  the  outer  side, 
normally  terminating  the  tooth.  Thus  it  very  closely  resembles  the 
two  other  maxillary  teeth,  differing  only  in  its  one  more  closed  triangle 
at  the  front  end. 

j\[amma\ — The  number  of  mamnne  in  Eothenomij.s  is  unknown. 

Feet. — The  feet  are  moderately  hairy,  in  this  respect  not  differ- 
ing from  true  Microtxis.  Blanford  states  that  there  are  five  well- 
develoi)ed  i)ads  on  the  sole  and  a  rudimentary  sixth.  The  claws  are 
not  greatly  developed  on  any  of  the  feet;  those  on  the  hind  feet  are  the 
longest. 

Fur. — A  skin  in  the  British  Museum  has  the  fur  of  a  i^eculiar,  dense, 
mole-like  (quality  suggestive  of  Fitymys.  The  specimen  appears  to  be 
in  worn  coat,  however,  and  this  character  may  not  be  normal. 

General  rcmarlxs. — Eothciioiny.s  is  such  a  well-marked  subgenus  that 
it  is  surprising  to  find  that  it  has  hitherto  received  no  name.  In  tooth 
pattern  it  agrees  in  a  general  wa}^  with  Jlicrotus  siMimensis,  a  circum- 
stance which  induced  Blanford  to  place  it  in  the  subgenus  'ycodonf 
but  the  palate  structure  is  widely  different  from  that  of  the  subgenus 
Microtus,  to  which  JI.  siMimerisis  I'eally  belongs,  while  the  similarity 
in  the  enamel  pattern  of  the  two  species  is  very  sui)erflcial. 

Subgenus  ANTELIOMYS  i  Miller. 
New  subgenus.    Type  Microtus  chinensis  Tlionias. 

Geographic  distrilmtion  of  type  species. — Microtus  chinensis  is  known 
from  one  specimen  collected  at  Kiating-fu,  west  Sze-chuen,  China. 


Avri)Xio^,  eastern;  //r?,  mouse. 
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(itotfrnpliic  (listrihiiiioH  of'  sulhicniis. —  Microtus  vhiiicnsis  is  the  only 
klu>^^n  sju'cies  of  tin*  siibiitMuis. 
J-Jsscntial  (■ha rdctt  rs  : 

Palato  alnionual. 

Ill  ;>  witln>ut  (.'loscd  I lianiih's. 

m  1  with  triangles  iiu)stly  Dpon,  aud  Avith  9  salient  anojles. 

u\     w  ith  trianijles  mostly  open,  aud  with  9  salient  angles. 

Manuna-.  1. 

Plantar  tnberoles,  {\.  * 

Solo  moderately  hairy. 

Claws  on  hind  feet  longest. 

Fnr  not  sjieeiallv  nioditied. 

Skull. — As  remarked  by  Mr.  Thomas  in  the  ori<iiiial  descriptiou  of 
^licrotus  chinensi.Sj  the  skull  of  Aiitcliontijs  resembles  in  a  general  way 
that  of  Urotomys.  Unfortunately,  I  am  unable  to  add  any  more  definite 
information  eoncerning  its  characters. 

Bony  jijalate. — The  palate  of  Antclionrys  (PI.  II,  tig.  8)  is  similar  to  that 
ot  JEotheiiomys,  excei)t  that  the  median  ridge  is  produced  back\vard  as  a 
distinct  spike  lying  perfectly  in  the  plain  of  the  roof  of  the  mouth. 

Just  in  front  of  the  strongly  developed  lateral 
bridges,  the  posterior  edges  of  which  form  the 
back  rim  of  the  bony  palate,  lie  two  pits,  in 
which  terminate  the  lateral  grooves.  These 
pits  communicate  freely  over  (dorsad  to)  thie 
Fig.  23.— Enamel  pattern  of  mo-    lateral  bridgcs  with  the  aiitcrior  end  of  the 

lar   teeth,   Microtus  Unteli-     ^     ^  mCSOpterVgoid  foSSa. 
omi/t:)  chinensis.    (x  5.)  » 

Enamel  pattern  in  general. — Tlie  enamel  pat- 
tern \\\  Antellomyn  (fig.  23)  is  characterized  by  rounded  angles,  imper- 
fectly closed  triangles,  and  ^reat  complexity  in  the  prisms  of  the  back 
nipper  molar. 

Front  loicer  molar. — The  anterior  lower  molar  is  made  u}^  of  four 
transverse,  perfectly  isolated  loops.  The  anterior  loop  is  much  the 
largest  and  contains  three  salient  angles  (two  on  the  inner  side).  Each 
of  the  succeeding  loox)S  has  two  salient  angles.  The  tooth  thus  con- 
tains exactly  the  same  elements  as  the  corresponding  one  in  Microtus, 
the  difference  in  form  being  due  to  the  fact  that  in  Anteliomys  the 
prisms  are  placed  oi)posite  each  other  instead  of  alternately.  The 
jjrisms  on  the  ox)posite  sides  of  the  tooth  are  nearly  equaBin  size, 
thus  i)roducing  tlie  bilaterally  symmetrical  ai:)pearance  found  to  a  less 
degree  developed  in  Alticola  and  Eothenomys.  The  figures  in  the 
original  description  of  Microtus  chinensis^  give  a  very  poor  idea  of  the 
teeth. 

Back  upper  molar. — Tlie  posterior  maxillary  tooth  is  like  that  of  true 
Microtus  except  that  tlie  posterior  loox)  is  greatly  lengthened  and  on 
the  lingual  side  cut  by  two  reentrant  angles,  of  which  the  anterior  is 


'  Ann.  &  Mag.  Nat.  Hist.,  Ser.  6,  Vol.  VIII,  p.  118,  Augnst,  1891. 
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tlic  (Icojicr.  There  is  a  sjilieiit  an.nle  at  the  outer  base  of  tlie  posterior 
1oo])  jiihI  IIk'  outer  ])oi'(ler  is  finiitly  cicimhite.  A  tootli  witli  nine  well- 
dcNclojXMl  salient  aii^^U's  is  the  r<'siilt. 

Ollicr  teeth. — Tiie  front  maxillary  teelh  are  exactly  as  in  tetranierodont 
MirrofKs.  The  l)a(;k  molars  of  the  lower  Jaw  are  likewise  in  no  way 
peculiar.  'I'hey  both,  however,  lia\'e  the  ])iisius  on  the  two  sides  oj)])0- 
site,  thus  la(;kin<^  all  closed  ti-ian<4h's. 

There  is  nothin.*;"  worthy  of  notci  in  the  foi-m  of  the  incisors. 

MniniiHi'. —  In  th(^  unique  type  specimen  of  Micro! ns  c/i i nc/isis^  which  is 
a  female,  (heie  are  four  teats,  all  inf;uinal. 

Feet. — The  sole  is  well  haired  from  lieel  to  tubercles.  There  ar(i  six 
l)ads  on  the  sole,  all  well  developed. 

Fur. — The  fur  is  uot  specially  modified. 

General  remarls. — In  its  ])alate  structure  Aiitelionij/s  is  related  to 
IJof/teuomySj  and  more  remotely  to  Alticola,  together  with  which  it 
bridges  the  ga])  (so  far  as  the  palate  alone  is  concerned)  between  Micro- 
tus  and  Evotimui^.  These  facts  were  in  part  noticed  by  Mr.  Thomas, 
Avho  says  in  the  original  account  of  JA.  chinenais  : 

In  8om(>  v('sp(3ct.s  it  seoiiis  to  bo  annectent  between  Evofomys  and  the  rest  of  tbe 
voles,  the  structure  of  its  palate  and  some  of  its  dental  characters  [opposite  prisms 
and  rounded  an.nles]  showinj;-  striking-  ariinitiesto  the  former,  far  as  its  rootless  teeth, 
fewer  mamma',  and  different  external  form  separate  it  from  any  of  the  known  mem- 
bers of  that  jiToup. 

The  enamel  i)attern  is,  however,  very  different  from  that  of  JErotomys, 
while  the  resemblance  to  that  of  its  nearest  relative,  Fothenomys,  is 
almost  equally  remote. 

Microtiis  chlnensis  is  the  only  species  of  Atiteliomys  thus  far  known, 
unless  Microtiis  middendorffii  (Polyakofty  from  Siberia  -  proves  to  be 
a  member  of  the  same  group.  The  figure  of  the  teeth  in  the  original 
descri])tiou  of  M.  middcndorffil  is  suggestive  of  Microtm  chinensiSj 
though  the  triangles  are  very  strongly  isolated.  Neither  the  palate 
structure  nor  the  number  of  mammte  is  given  by  Polyakoff,  so  it  is 
im])ossible  to  come  to  any  conclusion  on  the  subject  of  the  animal's 
true  status. 

Snboenns  LAGURUS  Gloger. 

1841.  Lagurits  Gloger,  Genieinu.  Haud-u.  Hilfsbuch  d.  Nntnrgesch.,  p.  97,  1841 

(genus).    Type,  Lugnrns  migraiorius  Gloger  =  J/^/<s  lagiirus  Pallas  ?'' 
1895.  Lagurns  Merriam,  Am.  Naturalist,  XXIX,  p.  758,  Aug.,  1895  (subgenus). 

iMdm.  Acad.  Imp.  Sci.,  St.  Petersbonrg,  XXXIX  snppl.,  p.  70,  1881. 
-Polyakoff  gives  the  folloAving  localities:  Taimnr,  Vilni  Eiver,  Ayan,  and  Kara 
River. 

•''lu  restoring  the  generic  name  Lagurns  (Ann.  &  Mag.  Nat.  Hist.,  6th  ser.,  XV, 
Feb.  1,  1895)  Mr.  Thomas  gives  the  species  lagurus  as  the  type.  It  appears  highly 
probal)le,  however,  that  Gloger's  Lagurus  migraiorius  is  the  Hypucyvus  migraiorius 
of  Lichtenstein  (Eversmann's  Reise  nach  Buchara,  p.  123,  1S2S)  =  2Iicrotus  (Lagurus) 
luteus  (Eversmann). 
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ISSl.  /■>(•;»</■()>» i/,N  l\>lv;iki)tV.  Mom.  Acad.  Iiuj).  v^c  i.,  8t,  rolorshourii.  \\XI\  suppl,,  p. 
M,  ISSl  (,i:onMs>.     I'vpo  Mnf<  Uujiirux  Tall. 

(ft'iu/nipJiic  (Ustrilnidoii  of  type  species. — riatoaus  oC  woslorii  aiul 
oontral  Asia. 

(i((Uinipltic  (listrihui i(H(  of'  si(b(i('HHs. — The  raiiyo  of  the  suI)0(muis 
Lai/urus  is  very  imporrectly  known,  but  ])i'ol)al)]y  extends  over  [i  largo 
part  of  the  r>oreal  reiiion  in  Asia  and  in  western  North  Anieriea. 

I^ssr utidl  eh  (((•(( cicrs: 

Piilato  shghtly  abnormal. 

Ill  :>  normally  Avitli  L'  or  3  lightly  closed  triiiiigles. 

in  I  normally  Avitli  5  closed  triangles  and  8  or  9  salient  angles. 

'IL"!  ii"-*i''»:illy  ^vitll  -  or  3  closed  triangles  and  5  or  G  salient  angles. 

Mamma'.  S. 

riantar  tubercles,  5, 

Sole  very  hairy. 

Claws  on  hind  ieet  longest. 

Fur  not  specially  modified. 

SIcull. — The  skull  of  Lagurus  (PI.  I,  fig-.  7 ')  may  be  at  once  recognized 
by  the  form  of  the  audital  bulh^  (fig.  24).  These  are  larger  than  in  any 
other  subgenus  of  Microtus^  and  are  especially  remarkable  ou  account 
of  the  way  iu  which  they  project  backward  behind  the  plane  of  the 

occiput.  Aside  from  the  audital  bulhT3, 
the  sivull  does  not  differ  very  notice- 
ably from  that  of  Fifymys  or  Chilotus. 
As  compared  with  that  of  Pitywys, 
however,  the  rostrum  is  considerably 
more  slender.  The  dorsal  outline  is 
flat,  as  iu  Chilotus. 

Bony  palate. — The  bony  ]3alate  (PI. 
II,  fig.  2)  is  normal  iu  structure  but 
tliere  is  less  difference  thau  usual  between  the  levels  of  the  portions 
lying  in  front  of  and  behind  the  lateral  bridges.  A  x)eculiar  flat  palate 
witli  shallow  lateral  pits  and  broad,  ill-defined  median  sloping  ridge 
is  the  result.  This  form  of  palate  is  much  like  that  of  Fhenacomys 
(PI.  II,  fig.  1). 

Enamel  'pattern  in 
general. — Tlie  enamel 
pattern  of  Lagurus 
(fig.  25)  is  character- 
ized by  the  tiglit  clos- 
ure of  all  triangles, 
notably  in  the  back 
lower  molar,  and  the 
great  width  of  the  reentrant  angles. 


Fig.  24.— Audital  bullae,  (a)  Mlcrocus  (Mi 
crotug)  ai-valis {b)  M.  {Lagurus)  pallichis 
(X  2.) 


Fig.  25.— Enamel  pattern  of  molar  teoth:  (a)  Microtus  (Lagurua) 
pallidus;  (b)  2[.  (L.)  lugurun;  (c)  M,  (L.)  luteus.  (x5.) 


The  latter  peculiarity  gives  the 


'.See  also  Naturwissenscliaftliche  I'esultate  der  von  N.  M.  Przewalski  nnternom- 
menen  lieiseu;  Pi.  XlII,  figs.  1,  2,  3,  12, 13,  and  14. 
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toctli  ii  (U-Jiwii-oiit  jippeaiaiK'c,  wliicli  is  lii;;lily  (tliaractcrist ic.  Wide 
reeiiti'JMil^  aii^kis  occur  in  the  twAh  of  llie  yoiiii.n"  of  all  Microti;  in 
Ldf/Hriis  this  cinbi-yoiiic  <*liaract('r  is  rc.taiiKMl  by  tli(i  adults. 

FronI  lo/rcr  molar. — The  number  of  looi)S  and  trianj^lcs  in  the  first 
niandil)nlar  tool h  is  the  same  as  in  ti  ne-  Micro/us.  In  MicrofuH  przc- 
ir<(l>il:ii  and  Microfns  liifcus  the  antciioi"  looj)  is  siiiij)le  and  much 
reduced,  while  in  Micro/ hs  hif/Hrns  and  M.  pdllldii.s  the  looj)  is  exactly 
as  in  Microfus  arrnlis. 

li((ck  upper  Dtohir.—'Vha  i)osterior  maxillary  tooth  dift'ers coiisiderahly 
in  form  jiinon.i'-  the  various  si)ecies.  In  certain  American  species  the 
l()0])s  and  angles  are  arranged  exactly  as  in  il/.  (Arvicola)  terrcHtris, 
while  in  M.  2)rzeiraIsJiii  and  M.  lufens  the  tooth,  although  retaining  the 
same  nuiiiber  of  elements,  is  remarkably  like  that  of  some  of  the  spe- 
cies of  AUiaoht.  (See  Tl.  XI II,  Wissensch.  Resultate  der  von  N. 
M.  Przewalski  nach  (Jent.-Asien  nntern.  lleisen.  Zool.  Theil,  lUl.  T, 
Lief.  3.)  This  resemblance  to  Aiticola  results  from  the  nnusual  elonga 
tion  of  the  i)osterior  loop.  In  Microtus  lac/urus  there  are  three  tightly 
closed  triangles,  and  the  terminal  loop  has  a  well  developed  salient 
angle  on  each  side  at  the  base. 

Other  teeth. — In  the  Old  AVorld  species  (tig.  25)  the  back  lower  molar 
contains  four  tightly  closed  triangles.  The  American  s})ecies,  however 
(tig.  so  far  as  known,  ha\'e  only  three  closed  triangles  in  this  tooth. 
The  other  molars  are  always  formed  as  in  tetramerodont  Microtus, 
There  is  nothing  peculiar  about  the  incisors. 

Mammcv. — In  Mkroius  p(dU(h(s,  or  a  closely  related  form,  there  are 
eight  mammje,  four  pectoral  and  four  inguiiml.  I  have  been  able  to 
find  no  statement  of  the  number  of  mammse  in  the  Asiatic  species. 

Feet. — Soles  densely  hairy  as  ir  PJiaiomijs  and  the  lemmings;  x^^^^^tar 
tubercles,  five;  claws  moderately  developed,  those  on  hind  feet  longest. 

Fur. — The  fur  is  full  and  soft,  but  not  highly  modified.  In  color 
most  of  the  species  are  dull  yellowish  or  grayish.  The  marking  of 
Microtus  IcujiiruH  Is  unique  in  the  genus  Microtm  on  account  of  the 
strongly  developed  and  sharply  defined  dark  dorsal  streak. 

General  reniarlc^. — The  subgenus  Lagurns  is  a  strongly  characterized, 
group,  but,  as  Dr.  Merriam  has  remarked,  -  the  species  show  no  pecul- 
iarities to  separate  them  generically  from  Microtus  arralis.  In  Microtus 
lagurus,  M.  hiteiiSj  and  M.  przeicalslii,  the  tail  is  usually  shorter  than 
the  hind  foot,  thus  adding  to  the  superficial  resemblance  to  the  lem- 
mings.   No  other  voles  have  the  tail  so  short. 

The  subgenus  Lagurus  is  represented  in  the  Old  AYorld  by  Microtus 
lagurus  (Pallas),  M.  luteus  (Eversmann),  and  M.  przeivalslii  (Biichner). 
In  America  there  are  probably  numerous  species  and  subspecies. 
Among  these  may  be  mentioned  Microtus  paiiperrimus  (Cooper),  71/. 
curtatus  (Cope),  and  M.  pallidus  (Merriam). 


^American  NaturaUst,  XXIX,  p.  758,  August,  1895. 
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Snl),i;onus  Al.TICOl.A  lUMiit'ord. 

ISSl.  Utii-iua  lUanlonl.  .louru.  A-^i.it.  8oi'.  IhmiumI,  L.  Pt.  11,  ]».  S!),   ISSt.  'I\vi)e 
ArvUohi  stoIir:k(tinis  lU.intdrd. 

(nOjiraphic  (listrihuiion  of'  ti/pr  species. —  '^lliuli  ])l}itoiuis  ol'  Northern 
LaiLik  (Wostoni  Tibet)"  (Hlanlord). 

(tfot/rapliie  (listrihiitiox  of'  suh(/enns. —  lioroal  Zone  hi  tlie  I linuihiyas. 
.Ksseutidl  e]t(( meters  : 
Talate  abnormal, 
m  3     it  hour  closed  triangles, 

ni  1  Avitli  1  or  5  closed  triangles  and  7  salient  angles. 

ni  8  normally  with  2  eh)sed  triangles  and  5  or  G  salient  angles;  posterior  looj) 
produced  backward  in  line  of  jaw. 
Mamma\  8. 
Plantar  tubercles,  (>. 
Sole,  hairy. 

Claws  on  hind  feet  longest. 

Fur  long  and  soft  but  not  highly  nioditicd. 

SkuU. — The  skull  in  this  subgenus  (PI.  f,  fig.  10)  shows  no  striking 
peculiarities  to  distinguish  it  from  that  of  true  Microtus.    The  general 
shape  is  usually  much  as  in  M'lerotus  arvalis, 
but  the  zygomatic  arches  are  more  flaring  and 
the  brain  case  is  somewhat  broader  and  flatter. 
The  rostrum  is  proportionally  longer  than  in 
Fig.  26.-Enamei  pattern  of  mo-  ^'^iicrotus  propcr,  and  the  audital  bulhe  (fig.  27) 
lar  teeth,  Microtus  (AUicoia)  are  moYQ  inflated  and  paj^cry. 
aiiicauaa, tyve).  (x 5.)  BoHij  pahifc-The  median  palatal  ridge  (PI. 

II,  fig.  4)  Avidens  at  a  point  oi)posite  the  space  between  the  second  and 
third  mohirs  and  is  approached,  as  in  the  typical  niicrotine  palate,  by 
outgrowths  from  the  opposite  sides  of  the  lateral  grooves.  These  out- 
growths, however,  do  not  meet  the  median  ridge,  but  leave  the  lateral 
grooves  opeu.  Just  at  its  widest  point  the  median  l  idge  is  squarel}^ 
truncated.  The  sloping  terminal  ridge  is  entirely  lacking  and  the  space 
that  it  usually  occupies  forms  the  anterior  end  of  the  very  long  rectang- 
ular interpterygoid  fossa.  A  structure  of  much  the  same  appearance 
could  be  produced  by  widening  the  anterior  end  of  such  a  hastate 
interx)terygoid  fossa  as  that  often  x)resent  in  ^Anlacomys''  (PI.  11,  fig.  7) 
until  the  whole  space  acquired  an  ecpial  breadth.  The  floors  and  median 
walls  of  the  lateral  i)its  ayouUI  then  be  so  encroached  vl\}0\\  as  to  oblit- 
erate the  pits,  while  a  few  slight  further  modifications  would  give  a 
palate  indistinguishable  from  that  of  Altlcola.  The  palate  of  Alticola 
resembles  that  of  Neojiher  more  closely  than  it  does  that  of  any  other 
subgenera  except  Hyperacrins. 

Enamel  jmttern  in  (jeneral. — The  enamel  i:)attern  in  Alticola  (fig.  20) 
differs  in  many  ways  from  that  of  any  subgenus  of  Microtus.  In  gen- 
eral it  is  characterized  by  (c^)  a  tendency  to  reduction  in  the  number  of 
prisms  in  the  variable  teeth;  (h)  by  a  peculiar  irregularity  and  indefi- 
niteuess  in  outline;  [c)  by  a  strong  tendency  toward  bilateral  symmetry 
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caused  by  the  approximately  (Mnial  size;  of  the-  ti  i;in*(les  on  the  oi)iH)site 
sides  of  the  teeth,  and  {(1)  ]>y  the,  Ibrni  of  the  posterior  Hi)p('r  molar. 

W  hile  the  li<»iires  published  by  lihuilbrd  '  in  his  jjaper  on  tho  noIcs  of 
the  iliinahiyas,  Tibet,  and  Afi^lianistan  aic  in  many  ways  inaccurate, 
they  ^;iv('  an  excellent  i(h'a  of  the  ^^(MHMal  ai)pearance  of  the  teeth  in 
the  voles  of  this  «;roup. 

Front  hnrcr  molar. — The  lirst  mandibular  molai'  has  normally  four 
closed  triaiij;les  and  seven  or  eight  salient  an,L;les.  llarcdy  a  fifth  closed 
triangle  is  isolated  at  the  inner  basal  angle  of  the  anterior  loop.  The 
form,  relative  position,  and  degree  of  isolation  of  the  triangles  and 
transverse' loops  vary  greatly  with  the  different  species.  Anyone  of 
the  reentrant  enamel  folds  may  fail  to  reach  the  enamel  of  the  opposite 
side,  and  (consequently  any  of  the  triangles  may  be  0[)en  at  one  or  both 
ends. 

Ihicl:  upper  molar. — The  posterior  maxillary  tooth  varies  in  form  in  the 
different  species.  It  is,  however,  always  recognizable  by  the  backward 
prolongation  of  the  posterior  loop  in  the  line  of  the  Jaw,  a  character 
which  is  found  elsewhere  in  Ifi/peracrins,  Ch'dotuHj  and  Lagurtis  only, 
and  in  all  but  the  tirst  of  these  developed  to  a  much  less  degree.  This 
attenuate  posterior  loop  is  followed  ])y  three  or  four  more  or  less  incom- 
l)letely  isolated  lateral  triangles,  these  by  an  anterior  loop  of  the  usual 
form.  The  tooth  is  most  complex  in  ^^.  roijlei  and  M,  hJanfordi,  in  each 
of  which  it  has  six  salient  angles  and  two  or  three  closed  triangles. 

Other  teeth. — Excei)t  for  the  stronger  tendency  to  bilateral  symmetry 
combined  with  slight  irregularity  of  outline  the  other  molars  do  not 
differ  from  those  of  ordinary  tetramerodont  Microtns. 

Mammcv. — The  number  of  mammic  in  the  species  of  Alticola  has 
apparently  not  been  recorded.  Blanford  does  not  mention  it  in  his 
descrii)tions  of  any  of  the  species,  and  Mr.  G.  E.  H.  Barrett-Hamilton, 
who  has  made  at  my  re([uest  a  si)ecial  examination  of  the  material  in 
the  British  ^Museum,  is  able  to  add  nothing  on  the  subject.  In  an 
adult  nursing  female  of  a  species  of  Alticola  closely  allied  to  Microtus 
albicaiida  (Xo.  621Gi^,  U.  S.  Xat.  Mus.  Ladak  side  of  Kara  Korum 
Pass,  Kashmir)  there  are  eight  well-developed  mammie.  Hence  there 
is  little  doubt  that  eight  is  the  normal  number  in  the  subgenus. 

Feet. — The  feet  are  very  hairy,  the  long  hairs  on  the  dorsal  surface 
often  nearly  concealing  the  claws.  Plantar  tubercles  six.  The  claws 
on  all  the  feet  are  long  and  slender,  those  on  the  hind  feet  longer  than 
those  in  front. 

Fur. — As  in  most  high  boreal  micro  tines  the  fur  is  long  and  full. 
Otherwise  it  is  not  i3eculiar. 

General  remarls. — The  subgenus  Alticola  is  one  of  the  best  character- 
ized groups  in  the  genus  Microtus.  The  x^attern  of  enamel  folding  is 
unlike  that  of  any  of  the  other  subgenera,  exce^^t  Hyperacrius,  while 
the  palate  structure  is  approached  by  that  of  Hyperacrius  and  the 


1  Jouru.  Asiatic  Soc.  Bengal,  L,  Pt.  II,  PI.  I,  tigs.  B,  C,  J),  and  E. 
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otherwise  \viilel\  dilVi'iiMit  .Vco/Z/xr  only.  The  teiulciicy  to  bihiteral 
syiuiuetry  in  thi'  niohirs  is  shared  by  three  other  Asiatic  snbiienera, 
Ih/jn  rarri i(s,  IJotht  nonij/s,  and  Antrli<>nn/s. 

Altic(fl(i.  hke  Ih/pcrdcrius.  is  a])i)arently  a  strictly  boreal  sub«;enus. 
The  foHowin^i'  sju'cies  are  known:  Microtits  stoliczhanus  lUantbrd, 
roi/lii  (Crray),  .1/.  sfrdclici/i  (Thomas).  .1/.  hlau/ordi  (Scully),  and  M. 
(ilhica (((l<(  ^True). 

Siibm'iius  llYPKKACKMrs'  Millor. 
New  subiiomis.    Typo  Jrricohi  J'crtilis  Tnu'. 

(uoiiraphic  (nstribuii(»i  of'  ti/pc  species. — "Central  Kashmir,  the  Pir 
ranjal  l\ange  and  the  Kaj  Nag  Mountains.*'  (True.) 

Geoejraphlc  distribution  of  suhf/enus. — 3Iountains  of  central  and  south- 
T\'estern  Kashmir  at  elevations  ran<iin<i'  nu)stly  from  7,000  to  12,000  feet. 

Essential  characters  : 

Palate  abnormal. 

in  o  Avitbout  elosecl  triangles. 

m  1  normally  witb  4  or  5  closed  triangles  and  7  salient  angles, 
m  3  normally  Avitli  1  or  2  closed  triangles  and  4  salient  angles. 
Mamm:e  i. 
Plantar  tubercles  5. 
Sole  bairy. 

Claws  on  bind  feet  longest. 
Fur  sbort  and  dense. 

Skull. — The  skull  iu  the  subgenus  Hyperacriiis  (PI.  I,  fig.  11)  differs 
from  that  of  Alticola  iu  its  longer  rostrum,  strongly  cuneate  uasals, 
Ilarro^Yer  interorbital  constriction,  more  abruptly  flaring  zygomata,  and 

flatter  brain  case.  The  whole  dorsal 
outline  of  the  skull  is  dej^ressed  so 
that  the  zygomata  are  more  nearly  on 
the  level  with  the  top  of  the  skull 
than  in  any  other  subgenus  of  Micro- 
tus.  The  audital  bulla?  (fig.  27)  are 
proportionally  smaller  than  in  Alti-  t 
cola,  true  Microtus,  or  Pitymys.  The 
brain  case  is  mucb  more  depressed 
than  in  Mierotus  proper  (flatter  even  than  in  Fitymys),  and  viewed  from 
above  it  has  a  peculiar  subcircular  outline  not  known  elsew^here  in  the 
genus.  Parietals  in<^>portionally  smaller  than  in  Mierotus  i)roper; 
squamosals  and  interparietal  proportionally  larger.  The  latter  in  old 
individuals  has  much  the  same  shajie  as  in  fully  adult  Arvicola, 
Keofiber,  and  Fiber. 

Bony  2>(ilf^te. — The  bony  palate  is  exactly  as  in  Alticola. 
Enamel  pattern  in  (jeneral. — The  enamel  pattern  (fig.  28)  has  the  gen- 
eral appearance  of  that  of  Alticola. 

Front  lower  molar. — The  first  mandibular  tooth  is  indistinguishable 
from  the  corresponding  tooth  iu  Alticola. 


Fig.  27.— Audital  bullae,  (a)  Mierotus  {Alti- 
cola) albicauda  ;  (h)  M.  {Hyiyeracrius)  fer- 
tilis.  (x2.) 


*  Oi  vnepaHpiot,  inbabitants  of  the  beights. 
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]l<(('h-  upper  iHoIar. — Tlie  last  maxillary  tootii  lias  the  same  genenii 
lorm  as  tliat  of  Alllcohi^  but  is  simpler  in  strueture,  tlius  recallin*^- 
tlie  correspond  ill  tootli  in  L(t<ii(rus  ((!<;•.  25j.  There  are  usually  only 
two  lateiiil  tiian<;i('S  and  four  saliiMit  an^l<'S.  Tlic  posterior  ]oo[)  is 
lenfitliencd  in  tli(^  axis  of  llie  jaw  as  in  AJticohi. 

Mdmnuc. — Tiiere  arc,  four  iiiainnia',  all  inguinal. 

Fact. — Tiie  i'cet  arc  well  haired,  but  rather  less  d(^ns(?ly  than  in  Alti- 
coin.  IMantar  tubercles  five — tlui  (ainrcst  ])ossiblc  trace  of  a  sixth 
sometimes  .present.  Claws  on  all  four  feet  well  dcvelojxMl,  tlios(i  on 
hind  feet  lonj^est. 

Ftir. — The  fur  is  much  shorter  and  more  dens<;  than  in  AUicohi. 

Miscellaneous  characters. — The  ears,  and  a])parently  the  eyes,  also, 
are  smaller  than  in  Alficola.  The  whiskers  are  very  short,  reaching 
scarcely  to  the  ears,  while  in  Alficola  they  are  probably  longer  than  in 
any  other  subgenus  of  Microtiis. 

General  reinarls. — Ifyperacrins  is  most  closely  related  to  Alticola,  from 
which  it  difiers  chiefly  in  its  highly  modified  skull  and  reduced  number 
of  footpads  and  mamnue.  Minor  differences  are  to  be  found  in  the  rela- 
tive size  of  the  ears  and  in  the  character  of  the  feet.  Hyperacrius 
appears  to  be  modified  for  a  more  strictly  underground  life  than  Alticola, 
It  requires  no  close  comx)arison  with  any  other 
subgenus,  though  it  bears  a  superficial  likeness 
both  in  external  form  and  in  cranial  characters  to 
Viiymifs.  The  structure  of  the  bony  palate  and 
the  ])attern  of  enamel  folding  readily  distinguish  fig.  28.-Enauiei  pattern  of 
it  from  the  latter,  however.  "'^^-^^        J^" '  ^^"'^  ^^u- 

Whether  Microtus  irynnci  may  be  associated 
with  Microius  fertilis  in  the  subgenus  .Hyperacrius  is  a  matter  of  doubt. 
At  my  request  Mr.  G  .  E.  11.  Barrett-Hamilton  has  examined  the  speci- 
mens of  .4?^i6'o^f  in  the  British  Museum  with  special  reference  to  the 
relationships  of  M.  irynnei.  He  finds  t^iat  this  species,  as  already 
noticed  by  Blanford,  has  oidy  five  idantar  tubercles,  but  that  in  other 
characters  it  does  not  agree  with  the  brief  diagnosis  of  Hyperacr  ius  that 
I  sent  him.  The  fur  is  long,  as  in  the  si)ecies  of  Alticola,  and  the  skull 
api)arently  lacks  the  peculiar  form  seen  in  Hyperacrius.  The  number  of 
mamma.^  can  not  be  determined  in  21.  icynnei  nor  in  any  of  the  species 
of  Alticola  in  the  British  Museum.  For  the  present  it  is  not  safe  to 
attempt  to  refer  Microtus  tvynnei  definitely  to  one  subgenus  or  the  other. 

Subgenus  PEDOMYS  Baird. 
1857.  Pedomys  Baird,  Mamm.  X.  A.,  p.  517,  1857.    Type  ArvicoJa  ausierus  LeCoute. 

Geographic  distrihution  of  type  species. — Transition  and  Upper  Austral 
zones  in  the  central  United  States  and  adjoining  British  Provinces. 

Geographic  (listribiition  of  subgenus. — The  range  of  this  subgenus  is 
the  same  as  that  of  Microtus  aiisterus,  the  only  known  species. 
Essential  characters  : 
Palate  normal. 

m  3  without  closed  triangles. 
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m  1  niM  inall>  with  ;^  i  lnsid  t  l  uuiiilcs  ami  S  ov  \)  Halioul  iin^los. 
lu  :5  m>nually  with  2  ^  losod  ti  ianuK-s  aiul  (i  salient.  an<;h's. 
MaiiMna>  1. 
rhuitar  tulHM\-K's  5. 

Solo  thirUly  haiioil  l>c(\\i><  n  hi>fl  and  1  iilion  li>s. 
Claws  nu>ih>rati>  in  liMi^th.  thos(>  on  hind  tool  h)nm>s(. 
I'nr  nt>t  spoi  iall>'  niodititMh 

iSkidl. — The  skull  o(  Microfiis  <tiisl<riis,  {ho  only  known  spccios  of 
Pcdontiifi.  is  loniarkablo  lor  the  subcylindric  brain  case,  and  «iroat  dcptli 
of  all  tliat  inirt  back  oT  tlu^  rostrum.  While  tlie  skull  of  rcdoan/s  is  not 
strikiuiiiy  dilferont  from  that  of  true  Microfiis,^  il  is  \ cry  unlike  the 
tlattened  skulls  of  PJiaio)nj/s,  Pifymi/s,  and  (^liiJotiis.  the  othei'  iiroups  of 
small  voles  resembling'  Pcdoun/s  in  tooth  eharaeters  and  in  numbiH'  of 
niamnne  and  footpmls. 

])(»)! u  j)(il<(f('. — The  bony  i)alate  is  lyi)i('al,  tliouj^h  the  interpteryiioid 
fossa  is  seldom  squarely  truncate  anteriorly. 

.Eiuinu'l  pattern  in  (jeneral. — The  enamel  i)attern  (li^^-.  21))  is  cliarac- 
terized  by  simplilicatioii  in  the  structure  of  the  variable  teeth. 

Front  }<)ii-<  r  molar. — The  first  mandibular  molar  has  a  posterior  trans- 
verse looi)  followed  by  three  closed  triangles  and  an  anterior  looj). 

The  anterior  loop  is  deeply  indented  by  two 


sometimes  cut  deep  enough  to  isolate  a  fourth 
or  even  a  fifth  closed  triangle,  but  this  rarely 
^      ^  ^      takes  place.    There  is  often  a  very  faintly  de- 
Fio.  29.— EiKuu.  i  pattern  of  mo-    vclopcd  reentrant  angle  close  to  each  side  of 
lar  teetb,  2iicrotu,  (Fcdomy.s)    ^^le  tip  of  tlic  autcrior  loop.    lu  cascs  wliore 
these  are  strongly  marked  a  front  tooth  i)re- 
cisely  resembling  that  of  M'tcrotun  is  the  result. 

Bad:  upper  itioJar. — The  posterior  maxillary  tooth  is  exactly  like  that 
of  Xeofiher,  Piftjinys,  PhaioynijH^  Chihftus^  and  typical  Arvicola,  having 
an  anterior  transverse  loop,  two  closed  triangles  and  a  short  posterior 
loop,  from  the  outer  base  of  which  a  third  closed  triangle  may  some- 
times Ije  cut. 

Other  teeth. — AVitli  the  exception  of  the  two  teeth  just  described,  the 
dentition  of  Pedonnjs  is  like  that  of  the  tetramerodont  sj^ecies  of  the 
subgenus  Mieroius. 

Maiuraa . — There  are  four  mammae,  all  inguinal. 

Feet. — Soles  densely  hairy  between  heel  and  tubercles;  j^ads  five, 
with  no  indication  of  a  rudimentary  sixth. 

General  remnrl's. — Pedairrijs  agrees  in  tooth  pattern  Avith  Pity  my  s, 
Chilotus J  and  I'll f( i'/itrij.'i^  but  dilfers  from  all  three  in  the  shape  of  the 
skull,  and  from  the  last  in  the  short  claws  and  unmodified  fur  also. 

Suh-onus  PtlAIOMYS  r,lytli. 

1863.  Phaionijjs  Jilytli,  Journ.  Asiat.  ,Soc.  15e)i<;al,  XXXII,  p.  89, 1863.    Type  rhaiomys 
leucuruH  \'Ayih.=Microtu8  blythi  Blandford. 


'A  sknll  of  Mi'-rofiia  raUircjj.H  i'voui  Norway  exactly  resembles  BkullB  of  M.  amterus 
excej>t  that  the  ro.struju  i.s  laoi  c  slender. 
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IXHI.  LnHioiiodoiiniH  T.ntsiHlf',  Aiinali  (It  1  Miis.  (  is-,  di  Stori;i  Natiiiiilc  di  scr. 
l^ii,  Vol.        ]).  2(iS,  1S87.    'I'yiH)   inirnla  hniiiti  U-.uUlr. 

(IciKirajtltic  (I is/ rlhift i<nf  <>/  hijn-  sjxc'us. — Unriks  of  'I'slio  Murari  ;iiid 
I'jiiikoii^' lakes,  Western  Tilx't,  also  bet  \v(;eii  8eli  and  tlic  Panl^on^- Lak(i 
at  elevations  above  1.'), ()'.,()  feet."    ( Ulanlbrd.  j 

(Icofirapltic  (list  rihiilioii  of  siilKjni  ns. —  lliL;'li  ])lateau  region  of  cciitral 
and  southern  Asia.     i*robal)ly  does  not  occur  below  tiie  Horeal  /one. 

J'Jssrn  f  id  I  cli  a  ractcr.s  : 

I'alalc  iioniial. 

m  I)  w  itlioiit  closed  ti  iaii^^lcs. 

Ill  1  noriiially  Avitli  3  to  ~>  closed  triangles  and  8  or  !)  salient  angles, 
ni  '.)  nornuilly  Avitli  2  to  3  cl()S(!<l  ti  ian<;i<!s  and  (>  salient  aiif^les. 
Manuna'  i)robul)ly  10. 
Plantar  tubercles,  G. 
Sole  very  hairy. 

Claws  very  lonjj  and  of  about  e(|ual  leui^tli  on  all  four  feet. 
Fur  remarkably  loui;-  and  soft. 

^Skull. — Tlie  skull  of  ritdioniys  as  coni[)ared  with  that  of  Pedomy.s  is 
readily  distinguished  by  its  very  different  form.  The  brain  case  in 
l*e(U))ni)s  is  hi«;h,  h)n<;-,  and  almost  cylindrical,  while  that  of  Vhaioinys 
is  short,  broad,  and  Hat.  The  zygomatics  arches  are  more  broadly  flar- 
ing in   Pli((io)nys  than  in  Pcdomys^  while  the 


upper  incisors  are  usually  more  prominent. 
The  hitter  character  is,  however,  inconstant. 


Boni/  palate. — Tlie  bony  palate  is  perfectly 
normal  and  recinires  no  detailed  description. 


Enamel  paiteni  in  f/eneyal. — The  enamel  ])at-  3o._Euamei  pattern  of 
tern  (tig.  oO)  is  exactly  like  that  of  Fedomys^      molar  tectii,  j/icrofi/«  ( zvtai- 

.   omys)  atrauchi.   (x  5.) 

except  that  the  outer  reentrant  angles  in  in  3 

are  somewhatlessdeveloped,  while  the  anterior  outer  reentrant  angle  in 
m  2  usually  divides  the  anterior  loop  into  two  closed  triangles.  These 
differences,  however,  are  trivial  and  inconstant. 

Other  teeth. — In  some  of  the  members  of  the  subgenus  the  incisors 
are  directed  more  forward  than  usual.  The  character  is,  as  already 
stated,  wholly  inconstant. 

Mammw. — There  is  still  doubt  as  to  the  normal  uumber  of  mamm?e 
in  the  subgenus  Phaiomyn.  Milne-Edwards  found  only  four  in  a  skin 
of  J/,  mandrlanm  Biichner  found  six  in  a  skin  of  M.  strauchi,  and  ten 
in  a  skin  of  M.fuscus.  I  am  inclined  to  think  that  ten  will  prove  to  be 
the  correct  number.^  In  the  specimen  of  M.  fusciis  just  referred  to 
there  were  six  pectoral  mamm;e,  the  rest  inguinal. 

Feet. — The  feet  are  large  and  densely  haired.  The  number  of  tuber- 
cles on  the  sole  is  still  a  matter  of  doubt.    Biichner  records  six  in  both. 

^  That  Fhaiomijs  probably  has  a  large  number  of  mamuic^ — at  least  more  than  four — 
was  suspected  by  Lataste,  who  in  1887  (Annali  del  Museo  Civico  di  Storia  Xaturale 
di  Genova,  Serie  2a,  Vol.  IV,  p.  270)  called  attention  to  the  fact  that  Blyth  found 
ten  embryos  in  a  female  Microtus  hlythi. 


^^Mr^H  amkkioan  fauna. 
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.1/.  hranilt  'i  and  M .  strttucli i,  but  1  am  able  to  liiid  only  tivo  in  a  skin  oi" 
the  lattor.  rvon  afior  thorouiihly  ivlaxinii*  (lie  loot.  It  is  probable  that 
six  is  tho  ival  number,  as  Biiehnor's  dotenninations  were  made  IVoin 
aleoliolie  speeinuMis.  The  elaws  on  all  lour  loel:  are  lar<>e  and  about 
oijual  in  length.  That  on  the  thumb  iswi^ll  developed — in  this  resjx'ct 
perhaps  surpassinji"  all  other  subi;enera  of  Microtus. 

Fur. — The  t'nr  is  lon^'  and  solt,  suii\i>'estini»'  that  of  a  lemmini;  rather 
than  that  of  a  vole. 

Ot  ncrdl  rvmarhs. — In  many  respeets  Plia  'tomys  resembles  Pcdoniys  so 
elosely  that  1  should  liesitate  to  separate  the  two  groups  were  they  not 
already  nanud.  There  are.  however,  such  dilt'erences  between  them 
that  it  is  impossible  to  eall  them  the  same,  while  in  all  i)r()bability  more 
satislai'tory  material  than  that  now  available  would  show  aiblitional 
charaetiH's.  In  external  ai)pearauee  the  two  subgenera  diiler  consider- 
ably. AVhile  Pc(lonii/s  is  a  tyi)ical  vole,  Phaiontj/s  bears  a  general  resem- 
blanee  to  the  lemmings.  The  peculiar  asi^ect  of  the  species  of  rJmionnjs 
is  caused  hy  their  short  tails,  large  feet,  and.  long,  soft  fur.  The  like- 
ness between  the  species  of  Phaiomys  and  the  yellowish  species  of  the 
subgenus  Lafjarus  is  even  more  striking.  From  tlie  latter,  however, 
they  are  readily  separable  by  dental  characters. 

Microtus  Myth i (Blanforcl),  J/. mandarhi ?;-s-  (Milne-Ed. Avards),  M. straitchi 
Biichner,  M.fusciis  (Biichner),  and  M.  hranclti  (liadde),  are  i^erhaps  the 
best-known  species  of  the  subgenus  Fhalomys. 

Subgenus  PITYMYS  ^Mclvlurtrie. 

1830.  Psamtnomys  LeCoute,  Ann.  Lyc.  Nat.  Hist.,  New  York,  III,  p.  132,  1830  (genus). 

,  Type  rsammomus  pinctornm  Le  Conte  (not  rsammomys  Cretzsclimar  1828). 

1831.  Pifymys  McMurtrio,  American  edition,  Cuvier  Ei'gne  Animal,  I,  i>.  434,  1831 

(genus).    Type  Psammomys  jj'nictorum  heCoixte. 
1857.  J'itymys  Bair{l,  ^Mamm.  X.  Am.,  p.  517,  1857  (section; 

1887.  Pitym ys  Lataste,  AnnalL  del  Mus.  Civ.  di  Storia  Xaturale  di  Genova,  serie  2a,  IV, 
p.  266,  1887  (subgenus). 

1831.  Ammomys  I'onaparte,  Saggio  Distrib.  ^Metod.  degli  Anim.  Vert.,  p.  20,  footnote, 

1831  'geiiiisj.    Type  I'isamriKiiinis  pi nctorum'Le  ^Jonte. 
1836.  Pinoiiys  Lesson,  Hist.  Xat.  d.  Mamm.  et  Ois  decouv.  depuis  1788,  Compl. 

Oeuvres  de  Buffon,  X,  p.  436,  1836  (genus).    Type  Pmmmomys  pinetorum 

LeConte. 

1867.  Terricola  Fatio,  Les  Campagnols  du  Bassin  du  Leman,  p.  36,  1867  (subgenus) 

{■fuVterravens  and  f.avii). 
1876.  MicruriiH  Forsytli  ]\IaJor,  Atti  della  8ociet;i  Toscana  di  Sci.  Nat.,  HI,  fasc.  I, 

p.  126,  1876  (subgenus).    Typo  Arvicola  nehrodensis  Mina  I'alumbo. 

Geo(jraphic  distribution  of  type  species. — Austral  Zone  in  the  eastern 
United  States. 

Ge(>(jraphic  diHtribution  of  subye^iiis. — Central  and  southern  Europe, 
eastern  United  States,  parts  of  Mexico. 
Essential  diameters : 
Palate,  normal, 
m  3  without  closed  triangles. 

m  1  normally  with  5  closed  triangles  and  9  salient  angles. 
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111  :>  iioiiiiallN  with  2  or  '.>  cIosimI  1 1  i;ii);^d(;H  :in<l  0  salient  anglcH. 

Maiiiin.c,  I. 

J'lautar  tuhcrclcs,  ."». 

Sole  iii()<l(;rat«;ly  liair.y. 

('laws  on  front  fret  lon^^tist. 

Fur  short,  <l(!nsc.  and  niol(^  lilce. 

^Sh-ull. — The,  skulls  ol"  the  species  of  /'l/i/mi/s  (lilTrr  considerfibly  among 
tliemselves.  In  Microim  phietoruin  (1*1.  I,  li<^-.  llie  most  highly  iiiodi- 
lied,  the  brain  case  is  very  broad  and  ibit  and  the  interorbital  l  egion  is 
remarkably  wide.  The  brain  ease  is  like  that  of  LaguniH^  but  tln^  broad 
anterior  i}art  of  the  skidl  is  very  different  from  the  hitter.  The  dorsal 
outline  is  strongly  arehed,  especially  anteriorly  from  the  region  between 
the  orbits  to  the  tips  of  the  nasals.  The  arching  is,  however,  no  more 
strongly  marked  tlian  in  Micvotua  arvalis.  In  Micyotn.s  HvhhrrdnctiH 
the  skull  is  like  that  of  M.  pinctorutn^  but  the  ])eculiarities  are  less 
acccMituated.  In  the  ^Fexican  species  of  J^iti/niijs  the  brain  case  is 
narrower  and  higher  than  in  ^^.  pinetorum^  and  the  anterior  i)art  of 
the  skull  is  less  heavily  built.  The  zygomatic 
l>rocesses  of  the  nuixilhe  stand  out  more 
nearly  at  right  angles  with  the  side  of  the 
skull,  thus  l)ringiug  the  broadest  part  of  the 
zygomatic  arch  farther  forward  than  in  M, 
phietorum. 

Bony  palate. — The  palate  is  normal,  though 
the  region  between  the  posterior  molars  is  in 
M.  phietorum  rather  flatter  than  usual  in  true 
Microtus,  and  the  anterior  outline  of  the  inter- 
pterygoid  fossa  is  often  somewhat  hastate. 

Enamel  pattern  in  general. — With  the  excep- 
tion of  the  front  lower  molar  and  back  upper  molar,  the  enamel  i)attern 
(fig.  31)  is  that  of  tetramerodont  Micyotm. 

Front  lower  molar. — The  anterior  mandibular  tooth  contains  the  same 
number  of  loops  and  angles  as  the  corresponding  tooth  in  Microtus 
arvalis.  As  a  rule,  however,  the  first  and  second  triangles  are  not 
completely  isolated  from  each  other  or  from  the  anterior  loop.  The 
tooth  is  therefore  exactly  as  in  Pedomys. 

BacJc  upper  molar. — The  posterior  maxillary  tooth  is  simplest  in  the 
American  species  of  the  snbgenns.  In  these  it  is  like  the  back  npper 
tooth  in  Tedomys  and  ArricoJa,  which  contain  two  closed  triangles 
and  an  anterior  and  posterior  loop.  In  M.  subterraneus,  however,  the 
tooth  is  formed  exactly  as  in  M.  arraliSj  while  in  JL  savii  it  is  some- 
what intermediate.  In  the  last-named  species  the  terminal  loop  is 
slightly  larger  than  in  21.  pineiorum,  and  a  third  closed  triangle  is 
usnally  cut  off  from  the  outer  base. 

Other  teeth. — There  is  nothing  peculiar  about  the  incisors  or  remain- 
ing molars. 

Mamma\ — In  Pitymys  there  are  only  four  mammte — all  ingninal. 


ElG.  31.— Enamel  pattern  of 
molar  teeth,  (a)  Microtus 
( ntymys)  pinetorvm  ;  (h) 
M.  (P.)  savii.    (x  5.) 
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Ftf  t. —  The  soUv^  avo  luodeiately  liairy.  They  have  fivo  wcll-dcvel- 
oped  tubon  les,  but  no  trace  of  a  sixth.  The  chnvs  arc  well  dov('h)|)od 
on  all  I  ho  tVu^t.  tho^t^  on  iho  front  foot  oithor  o(|nalini;'  or  (^xctHMlinj;" 
those  on  the  hind  feel. 

In  .1/.  i>in('ton(in  the  front  loot  are  nuu'h  larj^er  and  tlie  front  lojii's 
shorter  tlian  in  true  Microtns.  These  peculiarities  are  less  developed 
in  .1/.  ,suhtcrr(in(i(s  and  .1/.  sarii.  Of  the  other  si)ecies  I  have  not  seen 
aleoholie  speeiniens,  aud  so  am  unable  to  say  Avhich  of  those  mentioned 
they  most  closely  resemble. 

Fur. — The  fur  iu  all  the  known  species  is  remarkably  short  and  dense. 
This  character  is  most  noticeable  in  M.  pinetorum^  which  has  an  almost 
nuile-like  coat. 

MisvtUnnvoHs  charnctcrfi. — The  tail,  eyes,  and  external  ears  are  much 
reduced  in  all  the  species  of  Pifi/uiijs.  These  characters,  as  well  as  the 
l^eculiarities  of  the  fur  and  front  feet,  are  distinctly  adaptive  and  lit 
the  aninn\ls  for  their  underground  life. 

General  renutrls. — While  PHymyH  agrees  with  Pedomys  in  the  number 
of  mamune  and  footpads,  it  is  readily  distinguished  by  its  highly  mod- 
itiedfur,  small  eyes  and  ears,  and  flattened  skull.  The  t3^pe  and  most 
extremely  developed  species  is  further  characterized  by  its  greatly 
shortened  front  legs. 

FitijmyH  is  represented  in  America  by  Microtii.s  jyineforuin  (Le  Conte) 
and  several  forms  related  to  J/,  qumiater  (Coues).  In  Europe  a  num- 
ber of  s])ecies  and  subspecies  occur.  Among  these  the  best  known 
are  M.  suhterraneus  (De  Selys  Longchamps)  and  M,  savil  (De  Selys 
Longchami)s). 

Subgenus  CHILOTl'S  Baird. 
1857.  Chiloius  Baird,  Maram.  X.  Am.,  p,  516,  1857.    Type,  Arvtcola  oregoni  Baclimau. 

Geographic  distrihution  of  type  species. — Oregon,  Washington,  and 
Britisli  Columbia. 

Geographic  distribution  of  snhgenus. — The  range  of  the  subgenus 
Chilotus  is  coincident  with  that  of  the  type  and  only  known  species. 

Essential  characters : 

Palate  normal. 

m  3  normally  without  closed  triangles. 

m  1  with  5  closed  triangles  and  9  or  10  salient  angles. 

m  .3  with  2  or  3  closed  triangles  and  6  salient  angles. 

MamuKe  8. 

Plantar  tubercles  5. 

Sole  moderately  hairy. 

Claws  on  hind  feet  longest. 

Fur  short  and  dense. 

,S'A?<//.— The  skull  of  Chilotus  (PI.  I,  fig.  8)  is  low  and  tlat,  the  dorsal 
outline  nearly  straight,  and  the  brain  case  not  widened,  as  in  l*edomys. 
As  compared  with  Pedomys,  the  rostrum  is  remarkably  long  and  slender 
in  i>ro])ortion  to  the  rest  of  the  skull. 
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lioHij  j}((t(((r. — Tlic  |);il;it<'  is  iioi  inal  mid  calls  lor  no  riirtlicr  remark. 

Enonicl  )>(i/lcni' lit  {/cncraL — Tlic  ciiaiiicl  (oldiii^-  iW'^.  .">li)  is  lik<^  tliat 
of  Mm^  {('traiiierodniit  sjxmmcs  of  Microlns,  ('xc('|)t  tii;it  the  l);H-k'  ii|)j)C'r 
tootli  is  a  little  siinplilicd. 

Front  lower  molar. — Tlic  lirst  iiiaiidil)iil;ir  molar  is  exactly  like  that 
of  tyi)ical  Microtus. 

llnclx  upper  moUtr. — 'I'iic  ])ack  iiiaxiliai y  tootli  contains  a  tiansvcrse 
anterior  loop,  two  lateral  closed  trianjj^les,  and  a  somewhat  lenji'tliened 
terminal  loop.  The  latter  lias  at  each  side  of  its  l)ase  a  consj)ieiious 
an^le,  the  outer  on(^  of  which  is  often  isolated  as  a  third  closed  triangle. 
The  tooth  has  six  salient  an<^les,  two  to  each  of  the  transverse  loops 
and  one  to  each  of  the  (closed  triangles. 

Other  teeth. — As  already  stated,  the  remaining  teeth  are  foi  ined 
exactly  as  in  tetramerodont  Mierotus.  One  specimen  from  British 
Columbia  has  the  lateral  triangles  closed  in  the  l)ack  low(ir  molar. 

M<(nun(r. — There  are  eight  mamnne,  four  j^ectoral  and  four  inguinal. 

Feet. — Soles  moderately  hairy  from  heel  to  tubercles;  plantar  tuber- 
cles live,  all  well  developed;  claws  on  hind  feet 
longest;  front  feet  uot  nioditied  like  those  of  typical 
Pitymi/s. 

Fur. — The  fur  is  shorter  and  more  dense  than 
in  true  Microtus,  but  the  modification  is  not  car-  fk;.  32.— Enamel  pattern  of 
ried  so  far  as  in  Microtus  {J*iii/)fn/s)  pinetorum.  mohiTt(ieth,]iiicrotus{Ghi- 

General  remarl'.s. — ChilotKs  combines  the  mam-    ^'^'^«*)  o?<'5'07ii.  (xo.) 
ma^  and  foot  i)ads  of  Arvi cola  with  the  nearly  typical  enamel  i)attern  of 
Microtus  and  has  a  form  of  skull  peculiarly  its  own.    Fn  general  it  is 
modified  in  the  same  direction  as  Piti/mi/s,  but  to  a  much  less  degree. 

Great  stress  has  been  laid  on  the  form  of  the  ear  as  a  character  of 
this  subgenus.    In  the  original  description^  Baird  says: 

A  8j)ecimeu  in  alcohol,  from  Steilacooin,  received  since  the  preceding  df-scri^ition 
■was  prepared,  is,  in  size,  much  as  desci  ibed.  The  ears  are  low,  orhicirlar,  the  mem- 
brane thickened,  the  margins  or  conehal  portion  much  inflected  or  incurved,  like  a 
half-open  apple  blossom,  the  concha  l>ehig  inflected  all  round.  The  antitragus  is 
well  developed,  hut  rather  low.  The  surfaces  of  the  ear  appear  perfectly  naked, 
■with,  however,  a  ciliation  of  long  hairs  toward  the  roots  of  the  concha,  on  the  dorsal 
surface.  A  close  examination  of  the  auricle  in  the  dried  specimen  shows  a  few  scat- 
tered, very  short,  white  hairs. 

The  structure  of  the  ear,  though  in  many  respects  similar  to  that  of  A,  pinetorum, 
is  yet  essentially  difterent.  Thus  the  upper  and  lower  i-oots  of  the  margin  of  the  ear 
meet  anteriorly  so  as  to  form  even  a  low  rim  to  the  meatus  anteriorly,  completely 
inclosing  the  aperture ;  the  edge  of  the  concha  is  inflected ;  the  region  inside  the 
auricle,  around  the  meatus,  naked,  and  the  antitragus  so  much  developed  as  to  be 
capable  of  completely  closing  the  meatus.  l\i  A.  pinetovu)n  the  roots  of  the  ui)per 
and  lower  margius  of  the  ear  are  widely  separated,  by  a  sjoace  of  a  quarter  of  an 
inch,  the  space  between  these  roots  and  anterior  to  the  meatus  perfectly  plane ;  the 
edges  of  the  concha,  or  of  the  auricle,  not  inflected  at  all ;  the  inner  space  around 
the  me;itus  i)artly  hairy ;  the  antitragus  very  slightly  developed,  not  valvular,  nor 
capable  of  closing  the  meatus  at  all. 


^  Mamm.  X.  Am.,  p.  538,  1857. 
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'rhri>nuh  Mr.  Tnu'*s  kiiuliu'ss  I  have  boon  able  (o  oxaiuine  one  of  (he 
aU'ohoHi'  speeinuMis  on  whirli  l>air(l  based  (his  (leserii)( ion.  This  speci- 
men (No.  *J.">."k>,  (Voin  Tonialcvs  r»a> .  ( 'al.' Us  in  oood  coiHlitioii  and  shows 
most  of  tlie  peenbarides  to  \\  hich  a(((Mi(i()n  w  as  caUed.  The  (hicken- 
in^i*  of  the  ediie  ot  the  auricU'  is.  however,  dne  (o  diseas(^  or  lo  th(^ 
aetion  of  the  parasites  whieh  of(en  a(taek  (he  rims  ol'  the  ears  in  (lie 
voles  and  other  sn\all  ro(h'nts.  Th(^  an(erior  base  of  tlic  ear  is  not  essen- 
tially dilVerent  from  the  same  region  in  /*////>////.s',  (liough  the  valvulai' 
folil  is  slijiiitly  more  devi'loped.  1(  is  i)robable  that  by  means  of  this 
fold  the  meatns  in  ntinm/s,  as  well  as  in  most  if  not  all  of  the  \'oles^ 
ean  be  tiiihtly  i'l(»sed. 

^ul.iiiMuis  MICROTI 'S  Sclu-aiik. 

17i>S.  Microtus  .Scbrank,  Fanna  Boioa,  I,  Isto  Abth.,  i).  72,  17!tS.    Type  by  cliiuinatiou 

MicrotKS  ternslri'^  Scbrank  =  Aliis  arvalis  Pall, 
Mjinomes  Rafinescine,  Am.  Montbly  Magaziue,  II,  ]>.  1"),  1817.    Typi*  Mipiomcs 

pruieusis  Kaf.  =  Jrvicola  pcrinxiih'anictis  Ord. 
1836.  Hemiotomiis  DeSolys  Longcbamps,  Essai  Moiiogiaiibic^ue  snr  Ics  Canipaiiiiols 

ties  environs  de  I^iege,  p.  7,  1836,  part  (included  an-<(Jis  and  ierrestris). 
1857.  Hcmiotomi/s  Baird,  Mamm.  N.  Am,,  p.  515, 1857. 

1849.  Xeodon  Hodgson,  Ann.  and  Mag.  Nat.  Hist.,  2d  ser.,  Ill,  p.  203,  1819.  Typo 

Xeodon  silkimensis  Hodgson. 
1857.  PaJudicola  Blasius,  Fauna  der  Wirbeltbiere  Deutscblands,  I,  p.  333,  1857,  part 

(included  ierrestris,  nivalis,  and  raiticeps). 
1857.  Jgricola  Blasius,  Fauna  der  Wirbeltbiere  Deutscblands,  I,  p.  334,  1857.  Type 

Ari  icola  agrestis. 

1867.  Fraticola  Fatio,  Les  Campagnols  du  I^assiu  du  Leman,  p.  36,  1867,  part  (included 

terresiris,  nivalis,  arvalis,  ratticcp'^.  and  <  ampestris). 
1867,  Sijlvieola  Fatio,  Les  Campagnols  du  Bassin  du  L<Sjnan,  p.  63,  1S67.    Type  Arvi- 

cola  agrestis. 

1890.  Camjncola  Scbulze,  Scbriften  Natui  wiss.  A'ereins  d.  Harzes  in  Wernigerode,  V, 
p.  24, 1890,  part  (included  arvalis,  .sKhtcrrdiicus.  and  campestri-s). 

1894.  Tetramerodon  Eboads,  Proc.  Acad.  Xat.  8ci.  Pbila.,  p.  282,  1894.  Type  Arricola 
teframerus  Rboads. 

Geographic  distribution  of  type  species. — Central  Europe. 
Geographic  distribution  of  subgenus. — Boreal  region  of  both  hemi- 
spheres, south  to  Mexico,  northern  India,  and  southern  Europe. 
Essential  characters  : 

Palate  normal. 

m  3  witbout  closed  triangles. 

m  1  normally  Avitb  5  closed  triangles  and  9  salient  angles. 

m  3  normally  witb  3  closed  triangles  and  7  or  8  salient  angles. 

Mamma-,  8. 

Plantar  tubercles,  6. 

Sole  moderately  hairy. 

Claws  (>f  bind  feet  longest. 

Fur  not  8i)ecially  modified. 

,Skiill. — In  true  Microtus  (V].  I,  fig.  3)  the  skull  lacks  the  peculiar 
modifications  found  in  sucli  subgenera  as  Lagurus,  Pitymys,  Chilotus, 

^  No.  2529  from  Steilacoom,  Wasb.,  also  mentioned  Ijy  Baird,  is  lost. 
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iiiid  oMicrs.  Within  certain  liiiiits,  Iiowca (m-,  tin*  sUiiU  varies  consider 
[\]}]y  in  si/e  ami  Corni,  so  thai  it  is  dillicnlf  to  IVanie  aii\'  a(!cnrate  dia^i^- 
iiosis.  'I'iie  skull  of  M'lcrohis  ii r ralis  \\ixn\ n\\  Tlatc  I  re] »resent s  tlie 
(orni  <-liaracterisl  ie  of  the  ;;reat  niaJorit\  of  species.  ( )ne  of  the  most 
notahh'  depart  iir<'S  from  this  type  is  seen  in  tlu'sknll  of  Microfns  niniJis^ 
which  lias  an  nnnsnall>'  low,  hi'oad  hiain  case,  and  llat  dorsal  outline. 

lioHH  jxihtlr. — Th(i  bony  i)ahite  in  the  sid);4-eniis  Mlcroht.s  (tii:.  7  A,  and 
1*1.  II,  li.i;".  •">)  shows  in  its  most  ixnfect  development  the  form  wliicli  may 
h(3  considered  the  normal  one  in  tlie  ^enus,  sin(;(;  it  is  characteristic  of 
most  of  the  snh.u'enera  and  of  tlie  vast  majority  of  species.  As  this 
])alate  has  already  been  described  (pp.  20-27)  it  is  necessary  here  to  notice 
a  few  dei)artnres  from  the  type  form  only.  In  yonnj^  individuals  the 
slop.inj;- ridge  is  broader  than  in  the  adnlts,  while  in  very  old  individuals 
it  oft(Mi  be(!omes  very  abrupt  and  at  the  sanje  time  greatly  narrowed. 
These  two  extremes,  which  are  usually  characteristic  of  immaturity  and 
old  age,  occur  as  the  luu'mal  condition  in  the  adults  of  certain  species. 
In  Microtiis  uirdJ/s  the  ridge  is  broad  and  tiat,  while  in  M.  agrestis,  M, 
ratticcps,  and  most  of 
the  American  species 
It  is  narrow  and  ab- 
rui)t.  ( )ccasionally  (es- 
pecnally  in  2f.  (((jrcstis 
and  ,1/.  rafticejps)  the 
anterior  edge  of  the 
inter[)terygoid  fossa  is 
encroached  upon  by 
the  projecting  median 
ridge.  The  latter,  on 
the  other  hand,  ma}^  be  slightly  cleft  in  the  median  line,  thus  fore- 
shadowing the  first  step  in  the  series  of  changes  which  lead  to  the  very 
different  palate  of  JEvotomys. 

Enamel  pattern  in  f/eneral. — The  enamel  pattern  in  the  subgenus 
Microtus  (tig.  33)  is  characterized  by  the  large  number  of  loops  and 
angles  in  the  first  lower  molar  and  last  upper  molar. 

Front  louder  molar. — The  first  lower  molar  normally  contains  a  pos- 
terior transverse  loop,  five  closed  triangles,  two  of  which  are  on  the  outer 
side  and  three  on  the  inner  side,  and  finally  an  anterior  loop  which  is 
usuallj^  more  or  less  deeply  cut  by  two  reentrant  angles,  one  on  each, 
side  of  the  loop,  the  outer  of  which  is  always  the  more  posterior  of  the 
two.  With  these  loops  and  triangles  are  usually  associated  nine  well- 
developed  salient  angles,  two  formed  by  the  posterior  transverse  loop, 
one  by  each  of  the  five  closed  triangles,  and  one  by  each  side  of  the 
base  of  the  anterior  loop.  That  part  of  the  anterior  loo^)  which  lies  in 
front  of  the  reentrant  angles  may  develop  a  salient  angle  on  its  inner 
side,  less  frequently  one  on  the  outer  side.  Very  rarely  the  loop  may- 
be cut  by  a  third  reentrant  angle.    This  condition  occurs  in  adult  spec- 


FiG.  33.— Enamel  pattorn  of  inolar  teeth,  (a)  Microtus  {2ficrotU8) 
arvalis;  {b)  21.  {21.)  invaltn  :  {c)  2L.  (M.)  pennsylvanicus ;  {d)  M. 
(M.)  ratticeps.    (x  5.) 
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imcns  of  Microtus  (tt/nstis,  M.  pcnusi/Inouctis,  also  iii  the  tyi)C  of  il/. 
{ArrivoJa)  arriroloidcs  (li^.  aiul  probably  in  any  otlier  species  with 
the  tooth  Ibrined  alUM  the  i)atterii  of  Micro! iis  ((nudis.  'Die  other  varia- 
tions in  the  form  ol'  the  front  lower  molar  -.wo  the  resnlt  of  the  greater 
or  less  (levelopnuMit  ot'  the  reentrant  angles  normally  present  at  the 
anterior  end.  Sometimes  the  fonrth  reentrant  a!i<iie  (eonntinii*  from 
behindW)n  the  lin^nal  side  of  the  tooth  fails  to  meet  the  third  on  the 
opposite  side.  A'ery  rarely  the  anterior  outer  triangle  opens  in  a  like 
manner  into  the  anterior  inner  trian«iie,  and  the  latter  at  the  same  time 
eommnnieates  with  the  anterior  loop,  thns  inodncin.ii'  a  tooth  like  that 
normally  present  in  rnlomi/s  and  rHi/wi/.s.  father  fre<piently  a  sixth 
closed  trian^ile  is  cut  otf  from  the  outer  basal  corner  of  the  anterior  loop, 
ami  occasionally  a  seventh  trian^^le  is  isolated  at  the  inner  side  of  the 
g:reatly  reduced  ioo}). 

The  variations  just  described  are  i)urely  individual  and  occur  in  the 
species  havin«i-  the  tooth  of  the  typical  form.  Two  notable  variations 
from  this  form  are  normally  found  in  Microtus  rattlcex)s  and  M.  nicalu. 
In  the  former  (tig-.  33<'/)  the  liftli  triangle  opens  into  the  short,  unindented 
anterior  loop.  There  is  here  an  actual  reduction  in  the  elements  of  the 
ooth.  which  has  only  eight  salient  angles,  thus  resembling  the  corre- 
sponding tooth  in  re<h)miis.  In  M.  u  I  rails  (fig.  33h),  while  there  are  five 
closed  triangles  and  nine  salient  angles,  the  anterior  loop  is  small  and 
crescentic,  much  resembling  the  i)osterior  loop  in  the  maxillary  teeth 
oi  Eothenomys. 

Bad'  dipper  moJar. — The  last  uj^per  molar  is  normally  made  up  as 
follows :  An  anterior  transverse  loop,  succeeded  by  three  closed  trian- 
gles, two  smaller  ones  on  the  outer  side  and  a  larger  one  on  the  inner 
side,  these  in  turn  by  a  i)osterior  looj)  of  variable  shape.  The  tooth 
usually  contains  seven  salient  angles,  two  to  each  of  the  transverse 
loops  and  one  to  each  of  the  three  closed  triangles. 

Variations  in  the  form  of  this  tootli  are  numerous.  Beginning  at  the 
anterior  end  where  the  structure  is  most  definite,  it  is  found  that  the 
first  outer  triangle  very  frequently  opens  into  the  large  inner  trian- 
gle, less  often  into  the  anterior  loop.  The  second  outer  triangle  very 
rarely  opens  into  the  inner  triangle,  but  is  rather  frequently  in  commu- 
nication with  the  posterior  loop.  The  posterior  loop  varies  in  form  and 
size,  the  variations  being  i^artly  individual  and  j)artly  characteristic  of 
species.  For  the  present  it  is  unnecessary  to  discriminate  in. all  cases 
between  the  two  categories.  The  most  usual  form  arid  that  found  in 
the  type  species,  Microtus  arralis  (fig.  o3a)  is  an  irregular  crescent  with 
the  concavity  directed  inward  and  backw^ard  and  the  posterior  tip  thick- 
ened, the  whole  joined  to  the  rest  of  the  tooth  at  a  point  on  the  con- 
vexity midway  between  the  middle  and  the  anterior  extremity.  This 
nearly  crescentic  form  is  usually  distorted  by  the  elongation  and  straight- 
ening of  the  anterior  limb,  so  that  the  resulting  shape  is  more  like  that 
of  the  letter  J.    The  thickened  posterior  extremity  of  the  loop  is  often 
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cxteiided  and  cut  by  a  rcciit  ra  ii(  aii^^lc  on  tlir  liii^^iial  side,  so  that  tin; 
crescent  is  inodilied  into  tlie  Ibiiii  ol'  a  i  iide  E.  Occasionally  tiie  ante- 
rior extremity  of  tli(5  crescent  is  isolate(l  as  a  second  inner  trian^^le. 
The  convex  side  ol"  tli(^  crescent  may  dc\'elo|)  a  more  or  less  piominent 
salient  anyle.  Tin's  condit  ion  is  normal  in  Microtu.s  rd/flccj/s  nui]  Micro- 
tus  chroforrliiti iiSj  biil  occurs  also  in  other  si)eci(?s.  In  the  aberrant 
Mirrotus  nivalis  the  structure  of  this  tooth  is  sim|)Iilic(l  so  that  it  is 
essentially  as  in  Arricola,  rcdomi/s,  and  Pitymifs. 

Other  fcetli. — The  first  and  second  upper  molars  contain  each  an  ante- 
rior transverse  loop  and,  respectively,  three  and  two  closed  triangles. 
In  Mici'otiis  (u/rcsfis,  M.  sihlxinirnsis^  J/,  penn.sylvanicns,  ^^.  terrd'uova'j 
and  M.  aztccifs  the  inner  edge  of  m  li  is  produced  into  a  conspicuous 
loop.  whi(di  frecjuently  becomes  isolated,  so  as  to  form  a  closed  triangle 
about  half  the  size  of  the  others.  The  Euroi)ean  species  with  in -J 
formed  in  this  way  have  been  placed  in  a  subgenus  called  Af/ricola  or 
Syh'icola,  while  the  American  species  have  been  referred  to  MijnomcH 
in  a  restricted  sense.  The  American  species  with  m Inexactly  as  in 
Mierotiis  arvalis  have  received  the  name  Tetramerodon.  While  the 
name  Tetramerodon  can  not  be  used  in  a  subgeneric  sense,  it  is  fre- 
quently convenient  to  speak  of  the  voles  with  the  enamel  i^attern  of 
.1/.  arvalis  as  the  tetramerodont  species  to  distinguish  them  from  their 
pentamerodont  allies.  In  Microtus  siJyliinensis  a  supplemental  triangle 
is  developed  in  m  1  as  well  as  in  m  2.  On  account  of  this  peculiarity  the 
animal  has  been  made  the  type  of  the  genus  or  subgenus  ^XeodonJ 
Neither  Xeodon  nor  Af/ricola  are  worthy  of  recognition  as  subgenera 
distinct  from  Microtus.  Their  characters  are  of  trilling  imi)ortance, 
while  in  other  species  of  Microtus  (as,  for  instance,  M.  nivalin^  M.  guen- 
thcri,  and  occasionally  M.  pennsylvanicus)  intermediate  conditions  can 
be  found. 

Mammw. — In  the  subgenus  Microtus  the  mammae  are  always  eight, 
four  pectoral  and  four  inguinal.  No  exceptions  to  this  number  are 
known. 

Feet. — There  are  six  turbercles  on  the  sole.  Five  of  these  are  always 
well  developed,  but  the  sixth  is  variable  in  size,  being  especially  large 
in  M.  ratticeps.  The  sole  is  always  moderately  hairy  from  heel  to 
tubercles.  It  is  never  densely  furred  as  in  Phaiomys  or  naked  as  in 
Xeojioer.  The  claws  on  all  four  feet  are  moderately  developed,  those 
on  the  hind  feet  always  slightly  larger  than  those  on  the  front  feet, 
the  latter  never  specially  develoi)ed  for  digging  (cf.  Fitymys). 

Fur. — The  fur  is  moderately  full  and  soft,  neither  long  and  silky  as 
in  Phaiomys  nor  dense  and  mole-like  as  in  Fitymys. 

General  remarJcs. — The  subgenus  Microtus  needs  comparison  with  the 
groups  having  normal  or  very  slightly  abnormal  palates:  Arvicola, 
Pedomys,  Fitymys^  Chilotus,  Phaiomys,  and  Lagurus.  From  all  the 
others  it  differs  too  widely  to  give  rise  to  confusion.  Lagurus  is  dis- 
tinguished from  Microtus  by  the  tightly*  closed  triangles  in  the  posterior 
16933— Xo.  12  5 
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inaiulibulai"  tootli,  Arricohi  hy  tlio  ])rosoiU'e  of  lav^o  imisk  lilaiuls  c)ii 
the  i^itU's,  I\(hn)ius  aiul  Pitinni/s  by  reduction  in  tlio  nunibiTs  of  botli 
iiianinKv  aiul  ]>laiitar  tubercles,  (liili>ttis  by  rccbiction  in  tlie  latter  only, 
aud  J*}i((iin)ii/s  by  an  increase  in  the  number  of  nianmne  and  by  the 
very  larjre  claws.  More  extended  comparisons  will  be  found  under 
each  of  these  subgenera. 

This  sub«ieuus  is  the  most  widely  and  generally  distributed,  as  well 
as  the  one  eontainino-  the  largest  number  of  species.  Although  the 
species  of  ^[^c)•otin(r  are  still  very  imi)erfectly  known,  there  is  little 
doubt  that  the  members  of  the  subgenus  Microtti.s  greatly  outnumber 
the  species  of  all  the  other  genera  and  subgenera  together.  Conspicn 
ous  representatives  of  the  subgenus  Microtu}^  are  (in  the  Old  World): 
Microfus  arvalis  (Tall.),  M.  (((/resti.s  (Pall.),  M.  rafticc})^  (Keys.  &  Bias.). 
M.  nival (Martins),  21.  (/neniheri  (Dansford  &  Alston),  M,  sil'Mmensis 
(Hodgson)  :  (in  America) :  ^ficyotiis  2)enusyl  vcoticKS  (Ord),  71/.  tcvTdiiord 
(Bangs),  M.  xaniho(jnatlius  (Leach),  M.  cln'otorrliinus  (Miller),  J/.  Jongi- 
cauda  (Merriam).  M.  rnof/oUonensis  (Mearns),  J/,  townsendi  (Bachman). 

Subgenus  ARVICOLA  Lacepede. 

1801.  Arvicola  Lact^pede,  Mem.  de  I'Institut,  Paris,  III,  p.  489,  1801  (genus).  Type, 

'Arricola  amjyidbius'  =  Mus  terrestris  Linn. 
1883.  Arvicola  Lataste,  Le  Naturaliste,  Tome.  II,  p.  349,  1883  (subgenus). 
1836.  Hemiotomiis  De  S^lys  Longchamps,  Essai  Monograjjliique  sur  les  Campagnols 

des  environs  de  Liege,  p.  7.  1836,  part  (include:!  arvaJis  and  terrestris). 
1857.  Paludicola  Blasius,  Fauna  der  Wirbeltbiere  Deutscblands,  I,  p.  333,  1857,  part 

(included  terrestris,  nivalis,  and  ratticejys). 
1867.  Oc/}e/o/«^s  Fitzinger,  Sitzungsber.  K.  Akad.  Wiss.  AVien,  LVI,  p.  47,  1867.  (No 

type  mentioned,  but  genus  intended  to  include  all  the  water  rats  of  Europe.) 
1867.  Fraticola  Fatio,  Les  Campagnols  du  Bassin  du  Lcman,  p.  36, 1867,  part  (included 

terrestris,  nivalis,  arvalis,  ratticeps,  and  campestris) . 
1894.  Aulacomi/s  Rhoads,  American  Naturalist,  XXVIII,  p.  182, 1894.  Type,  Aulacomys 

arvicoloides  Rhoads. 

Geographic  distribution  of  type  species. — Xorthern  Europe. 
GeograpMc  distrihntion  of  suljgenus. — Xortheru  part  of  Xorthern 
Hemisphere,  exclusive  of  America  east  of  the  Eocky  Mountains. 
Essential  characters : 

Palate  slightly  abnormal. 

m  3  occasionally  with  closed  triangles. 

m  1  normally  with  3  to  5  closed  triangles  and  7  to  9  salient  angles. 

m  3  normally  with  2  or  3  closed  triangles  and  6  to  8  salient  angles. 

Mammai  8. 

Plantar  tubercles  5. 

Sole  almost  naked. 

Claws  on  hind  feet  longest. 

Fur  slightly  modified. 

Musk  glands  jiresent  on  sides  of  body. 

^'kull. — The  skull  of  the  larger  Old  World  species  of  Arvicola  (PI.  I, 
fig.  9j  is  nearly  as  large  as  that  of  ^eofiher.    In  the  American  species 
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(PI.  I,  li^^'.  1)  it  is  smallci-,  thoii«ili  (•()iisi(lci}i]>ly  larger  tliiiii  in  most 
species  ()(' il//6'/-o/u.v  i)r()i)('r.  Aside  I'roin  its  lar.<;e  siz(5  and  ])roniiiient 
ridges,  the  skull  of  Arricola  dillers  from  that  of  J//c•/•f>/^^s•  in  il  s  l)r(jader, 
shorter  brain  case,  jnore  \videl\'  Ihiring  /ygonialic  arches,  and  propor- 
tionally slender  nKstrnm.  'IMie  i)ecnliar  appearance  of  the  rostrum  is 
heightened  by  (lie  fact  that  the  incisors  project  more  tbau  usual.  Some 
of  these  characters  are  more  noticeable  in  the  American  species,  thougb 
the  latter  show  no  cranial  peculiarities  of  siiflicient  importance  to  sep- 
arate them  subgenerically  from  those  of  the  Old  World.  In  the  Amer- 
ican S])ecies  the  skull  is  usually  more  lightly  built  and  less  strongly 
angular  than  in  the  typical  members  of  the  genus  (compare  figs.  1  and 
Oof  ri.  1). 

Bon}!  jxdaie. — The  bony  palate  is  usually  normal,  but  occasionally 
tlie  median  slo])ing  ridge  is  divided  in  the  median  line,  so  that  the 
interpterygoid  fossa  is  hastate  anteriorly  (PI.  III.  fig.  7j.    This  condi- 
tion occurs  nu)st  fre(iuently  in  the  Ameri- 
can species,  but  even  among  these  it  is 
inconstant. 

Enamel  imttern  in  gencraL — The  enamel 
pattern  in  typical  A  rvicola  (fig.  34&)  is  char- 
acterized by  the  great  reduction  in  the 
number  of  closed  triangles  and  salient 
angles  in  the  front  lower  molar  and 
back  upper  molar.  In  these  peculiarities, 
tliough  closely  approached  by  PitymySj 
Fedomys,  and  Phaiomys,  it  presents  the 
extreme  conditions  found  in  the  genus. 
The  third  lower  molar  shows  the  tendency 
to  closure  of  the  lateral  triangles  charac- 
teristic of  all  the  larger  members  of  the  genus.  The  pattern  of  enamel 
folding  in  the  molar  teeth  of  the  American  species  of  ArvicoJa  (fig.  .'Urt) 
is,  on  the  other  hand,  exactly  like  that  of  the  tetramerodont  species  of 
the  subgenus  Microtus  (e.  g.,  Microtns  arvalis  and  most  of  the  western 
American  species). 

Fro7it  lower  molar. — In  the  typical  species  the  simx)lification  in  the 
structure  of  the  teeth  is  carried  furthest  in  the  first  lower  molar.  This 
tooth  normally  contains  a  x)osterior  transverse  loop  followed  by  three 
closed  triangles  (one  on  the  outer  side,  two  on  the  inner  side)  and  a 
terminal  transverse  loop  which  is  deeply  constricted  in  the  middle. 
Each  transverse  loop  forms  two  salient  angles  and  each  lateral  triangle 
one,  making  seven  in  all.  Deviations  from  this  form  are  very  rare.  In 
one  or  two  specimens  I  have  seen  a  fourth  triangle  isolated  on  the  outer 
side,  thus  producing  a  tooth  much  like  the  corresponding  one  in  Micro- 
tus (Microfus)  ratticeps^  a  species  which  has  the  last  upper  molar  very 
complicated  in  structure.  The  front  lower  molar  in  typical  Arvicola 
differs  from  that  of  the  other  groups  in  which  it  has  only  three  closed 
triangles  in  the  reduced  number  of  salient  angles — seven  instead  of 


Fig  .  34.— Enamel  patteru  of  molar  teeth, 
(«)  Micyotua  {Arvicola)  macroims ; 
(h)  M.  (1.)  tern'stris.  (x5.) 
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nino.  Sim-o  this  tooth  in  the  Anioriciiii  s{>ot*ii\s  lias  the  saino  structure 
as  in  Mimttus  arralis,  uo  special  description  is  necessary. 

Back  upp<  r  molar. — In  the  typical  species  the  last  upper  molar  has 
an  anterior  transverse  loop,  a  closed  triangle  on  each  side,  and  a  very 
short,  simple  terminal  loop.  With  these  loops  are  associated  six  salient 
aiiiiies.  two  on  each  of  the  terminal  loops  and  one  on  each  closed  triangle. 
Karely  the  posterior  terminal  loop  is  reduced  by  the  isolation  of  the 
outer  basal  angle  as  a  third  closed  triangle,  but  this  seldom  hapi)ens, 
while  the  resulting  form  of  tooth  is  (juite  different  from  that  found  in 
any  member  of  the  subgenus  Microtus  except  the  aberrant  M.  niralis.  In 
the  American  si)ecies  this  tooth  is  formed  exactly  as  in  Microtm  arvalis. 

Mamm(v. — There  are  eight  mamune  in  Arricohi,  as  in  Microfus. 

Feet. — In  ArricoJa  the  soles  are  very  sparsely  haired  or  almost  naked 
between  the  tubercles  and  the  heel. 

The  tubercles  are  only  five  in  number,  as  the  small  one  which  in 
JUierotus  lies  midway  between  the  large  proxinnil  tubercle  and  the  base 
of  the  fifth  toe  is  absent.  Claws  moderately  developed,  those  on  hind 
feet  slightly  the  larger. 

Fur. — The  fur  is  close,  dense,  and  long,  the  nnder  iur  especially  thick 
and  woolly.  It  thus  resembles  the  fur  of  Neofiher,  though  the  modifica- 
tion is  not  carried  so  far  as  in  the  latter. 

Miscellaneous  characters. — The  species  of  Arvicola  are  provided  with 
a  large  musk  gland  on  each  side  of  the  abdomen.  These  glands  lie 
immediately  in  trout  of  the  hind  legs  and  are  very  conspicuous  in  alco- 
holic specimens.  In  a  half-grown  male  Microtus  terrestris  from  St. 
Petersburg,  Eussia,  each  gland  is  13  mm.  long  by  G  mm.  wide.  They 
are  regularl}"  oval  in  outline,  the  long  axis  parallel  with  the  long  axis 
of  the  body.  The  surface,  which  is  slightly  raised  above  that  of  the 
surrounding  skin,  is  closely  and  irregularly  wrinkled,  and  has  much 
the  appearance  of  very  finely  honeycombed  tripe.  Each  gland  bears  a 
sprinkling  of  fine  hairs  much  shorter  than  the  fur,  but  at  first  sight 
appears  to  be  naked.  In  dried  skins  the  i^ositions  of  the  glands  are 
indicated  by  tufts  of  grease-soaked  fur. 

General  remarlcs. — The  subgenus  Arvicola  is  distinguished  from  all 
other  groups  with  similar  enamel  pattern  or  with  like  numbers  of 
mammae  and  foot  pads  by  the  i)resence  of  the  large  glandular  masses 
on  the  sides  of  the  body.  The  species  are  all  water  rats,  and,  with  the 
exception  of  Microtus  {Xeo fiber)  alleni,  they  considerably  exceed  the 
other  members  of  the  genus  in  size. 

Although  this  subgenus  is  now  for  the  first  time  recorded  from 
America,  at  least  three  species  of  Arvicola  inhabiting  the  western 
United  States  have  been  described  Avithin  the  past  five  years.  These 
are  Microtus  rnacropus  (Merriam),  M.  arvicoloides  (Rhoads),  and  .1/. 
principalis  Khoads.  Microtus  rnacropus  was  supposed  to  be  '^one  of 
the  western  members  of  the  subgenus  or  section  Myrioines,^^  that  is,  a 
tetramerodont  Microtus.^    Microtus  arvicoloides  was  made  by  its  descri- 


'  North  American  Fauna  No.  5.  p.  60,  July,  1891. 
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the  tyix'-of  a  new  <i(Mius,  A  tih((<Htii/s,^  wliilc  .1/.  ncijxd  is,  c-loscly 
nlli('<l  to  .1/.  ni(((roj}i(s  -A\\(]  M.  a i-riroloidcs,  was  vvicvvvil  l)y  tlic  sjiiiie 

iu\\\\()v  io  ivui'M icrofiis.-  Tliis  confiisioi)  jnosi^  f'loni  1  lie  fact  tliat  tlic 
siil).iieii('ri(*,  and  ^('iici-ic  (Ictciiiiiiiat ions  wcic  based  cliiefly  on  dental 
eliaracteis.  llenee  Microtusmdcrojuis  and  .1/.  pri nciixdh  wei(!  iiatiiially 
eoiKsidered  iiieinbei's  of  tlie  subt^cnus  Microfus,  since  both  have  the 
enamel  i)iittei"n  eharacteristic  of  the  tetranieiodont  species  oftliat  group. 

The  teeth  of  the  type  and  only  known  specinien  of  Microtns  arrlco- 
loidcs,  on  the  other  hand,  show  certain  characters  whi(ih,  although  clearly 
abnormal,  led  to  an  entire  misunderstanding  of  the  animal's  true  rela- 
tionsliips.  The  first  of  these  abnormal  characters,  and  the  one  whicli 
suggested  the  name  A  vlacomys,  is  seen  in  the  ux)per  incisors,  l^^ach  of 
these  has  a  narrow  longitudinal  median  groove.  They  can  not,  however, 
be  considered  as  entitling  the  species  to  generic  rank,  since  similar 
though  fainter  grooves  are  occasionally  found  in  almost  any  species  of 
Mierotiis,  while  they  are  absent  in  the  vast  majority  of  specimens  of 
'Auldcomys.^  The  second  abnormality  in  the  type  of  Microtufi  arvico- 
loides  is  in  the  form  of  the  front  lower  molar.  This  tooth  (tig.  35)  has 
two  reentrant  angles  on  the  outer  side  of  the  anterior 
loop  instead  of  one  as  usual  in  MkrotuH.  The  sui)ple- 
niental  reentrant  angle,  like  the  grooves  in  the  incisors, 
is  purely  an  Individual  character,  which  may  crop  out  "^f^ont^i^r^moiar 
in  any  species  of  Microtus,  with  the  front  lower  mol  ar  of  type  specimeu  of 
formed  as  in  M.  arvalis,  and  which  is  absent  in  all  the  'Auiacom^js  arvico- 
other  thirty  or  more  specimens  of  ^Anlacomys^  that  I 
have  seen.  The  subgenus  Aidacomijs  if  retained  as  distinct  from  Arvi- 
cola  must  rest  on  characters  of  enamel  pattern  alone,  since  in  all  other 
peculiarities  it  agrees  perfectl}^  with  the  latter.  The  differences  in 
enamel  folds  are  rather  considerable,  since  ^Anlacomys^  has  the  highly 
complicated  pattern  of  true  Microtus,  while  the  species  of  typical  Arvi- 
cola  have  the  simplest  pattern  of  anj^  known.  ^Yhile  it  seems  highly 
inadvisable  to  base  subgeneric  divisions  on  such  characters,  the  deci- 
sion rests  on  i^urely  individual  judgment. 

In  the  Old  World  numerous  species  and  subspecies  are  probably 
confused  under  the  name  ^Arvicola  amphihhis.''  Mlcrotus  mitsignani  (De 
Selys  Longchamps)  and  M.  monticola  (De  vSelys  Longchamps)  appear  to 
be  especially  distinct  from  J/,  tcrrestris  (Linn.). 

Subgeuus  XEOFIBER  True. 

1884.  XeofiherTrne,  Science,  IV,  p.  34,  July  11,  1884  (fuH  genus).  .  Type  Neofiher  adeni 
True. 

1891.  Xeofi'ber  Merriam,  North  American  Fauna,  Xo.  5,  p.  59,  July,  1891  (subgenus). 

GeograpMccd  distribution  of  type  species. — Florida.  '^Doubtless  a  com- 
mon animal  in  favorable  localities  throughout  the  State."  (Chapman.) 


1  American  Naturalist,  XXVIII,  p.  182,  February,  1894. 
^American  Xaturalist,  XXIX,  p.  940,  October,  1895. 
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(it'(Hir<iplii(<(l  <l istrihiition  of'  sdlnjcinis. — Tlic  raiiiio  ol'  tlic  subiienus 
Xeojihcr  is  the  saino  as  tliat  of  llio  type  and  only  kno\vn  species. 
Essential  c)i<( ntctcrs  : 

Palato  abnormal. 

Ill  S  with  all  triany:los  closi'd. 

m  1  with  r>  closeil  tiiani;los  ami  !)  salient  angles. 

m  S  ^vith  2  closed  triangles  and  i\  salieut  angles. 

Maimiia'  I. 

Plautar  tnbercles  r>. 

Solo  naked. 

Claws  on  hind  feet  longest. 
Fnr  highly  modilied. 

SkuU— The  skull  of  yeofiher  is  characterized  by  its  lar^^e  size,  great 
depth  through  the  tioutal  region,  and  consi)icuous  development  of 
postorbital  processes.  The  ratio  of  froiito-palatal  depth  to  basilar 
leugth  is  about  41  in  Xeojiber,  while  iu  true  Microtus  it  is  ouly  about 
35.  As  the  occiput  in  Xeojiber  is  not  correspondingly  liigh  the  dorsal 
outline  of  the  skull  curves  gently  and  regnlarly  from  front  to  back, 
with  the  highest  point  just  behind  the  orbits.    When  viewed  from 

above  the  skull  of  Xeofiber  differs  from  that 
of  Microtus  chiefly  in  the  larger  squamosals, 
smaller  parietals  and  interparietal,  and  in 
the  sharp-pointed  postorbital  processes. 
The  latter  project  over  the  orbital  cavity 
as  square-cornered  shelves,  which  are  espe- 
cially noticeable  when  viewed  from  below. 

Palate. — The  bony  palate  in  Xeojiber  (PI. 
II,  fig.  9)  differs  widely  from  that  of  Microtus^ 
and  exactly  resembles  that  of  Fiber  (p.  72). 

Enamel  pattern  in  general, — In  general  the  enamel  pattern  of  Xeo- 
jiber (fig.  30)  is  characterized  b}^  a  tendency  to  reduction  in  the  number 
of  angles  in  the  variable  teeth  and  to  the  tight  closure  of  all  triangles. 
The  latter  peculiarity  gives  the  teeth  the  greatest  possible  strengtli. 

Front  loicer  molar. — The  first  molar  in  the  lower  jaw  exactly  resem- 
bles the  corresponding  tooth  in  Microtus  except  that  the  anterior  loop 
is  rather  shorter  than  in  the  typical  members  of  that  subgenus.  In 
one  specimen  (Xo.  23153,  U.  S.  Nat.  Mus.)  the  anterior  loop  has  two 
indentations  on  the  outer  side,  thus  suggesting  AnapUxjoniji. 

Bade  upper  molar. — The  third  maxillary  tooth  is  like  that  in  the 
subgenei-a  rUi/mys,  Fedomys^  FJiaioniys,  CJiilotus,  and  typical  Arricola, 
as  it  has  only  two  closed  triangles  and  six  salient  angles. 

Other  teetJi. — The  back  lower  molar  has  aJl  the  triangles  tightly  closed, 
in  this  respect  differing  from  all  other  subgenera  except  Lagarus. 
Closed  triangles  are  sometimes  formed  in  the  third  lower  molar  of 
almost  any  of  the  larger  voles,  but  Xeojiber  and  Lafjurus  are  the  only 
groups  in  which  they  are  always  i)resent.  Outside  the  subgenus 
Lafjurus,  most  of  the  known  species  of  which  are  small,  the  tendency  to 


Fig.  36. — Enamel  i)attern  of  molar 
teeth,  Microtus  (Xeonher)  alleni. 
(X  4.) 
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(;l()sui('  ol"  the  triangles  in  this  tootli  i iickmscs  witli  the  si/c  of  the 
animals  until  in  such  hirfj;e  sixu-ies  as  Micro/n.s  nlleni  and  the  members 
of  the  genus  Fiber  they  are  always  tij^htly  elosed.  M'urotus  tcrrestris, 
the  only  si)e(;ies  approaching-  M.  (illcni  in  size,  has  closed  triangles  in 
m  :i  very  often,  while  in  one  si)ecinien  the  tooth  is  formed  exactly  as  in 
Xeojihcr.  M.  principalis  Rhoads,  another  large  species,  also  rather 
frequently  shows  closed  triangles  in  this  tooth.  The  incisors,  like  those 
of  Fiber,  are  short,  broad,  and  very  strong,  in  this  respect  reaching  the 
opposite  extreme  from  that  attained  by  ^Aidaconij/s.' 

M(()nnK('. — Apparently  the  number  of  mamnne  in  \eoJiber  has  never 
])een  stated  in  j)rint.  Mr.  Outram  IJangs  writes  rae,  however,  that  he 
found  four  inguinal  teats  in  an  adult  female  Mlerotn.s  alleni  which  he 
took  in  lirevard  County,  Fla.,  during  February,  1<S9."). 

Feet. — Soles  wholly  naked,  foot  pads  five,  as  in  Arvlcola;  claws  on 
hind  feet  longest. 

Fur. — The  fur  is  modilied  to  meet  the  rcMpiirements  of  an  aquatic  life 
in  the  same  way  and  to  almost  the  same  extent  as  in  the  genus  Fiber. 
The  under  fur  is  exceedingly  thick,  woolly,  and  dense,  while  the  longer 
hairs  are  very  glossy  and  lustrous.  This  condition  is  suggested  in 
Arrleoht,  where,  however,  the  modification  is  not  carried  so  far. 

MlscelUoieons  characters. — Whether  Xeofiber  is  provided  with  musk 
glands  like  those  of  the  other  water  rats  is  at  i^resent  uncertain.  Col- 
lectors have  failed  to  notice  them,  but  they  might  easily  escai)e  detec- 
tion in  the  thick  fur  unless  specially  searched  for.  The  only  alc()holic 
specimen  that  I  have  examined  is  not  full  grown.  This  shows  no  trace 
of  the  glands  even  when  the  skin  of  the  sides  is  raised  and  examined 
from  beneath. 

General  remarls. — In  Xeofiber  are  combined  the  mandibular  enarael 
pattern  of  Lagurus  with  the  maxillary  enamel  pattern  and  external 
characters  of  typical  Arvlcola,  complicated  by  a  reduction  in  the  num- 
ber of  mammie  as  in  Pedomys  and  Fitijmys. 

(iemis  FIBER  Cnvit-r. 

F'lher  Cuvier  [Tabl.  Etem.  de  I'Hist.  Xat.  des  Aniiii.,  p.  141,  1798],  Leyoiis  d'Auat. 
Comp.,  I,  tabl.  I,  1800.    Type  Castor  zibethicus  Liuii. 

Geographic  distribution  of  type  species. — ]S'ortli  America  north  of  the 
southern  border  of  the  United  States. 

Geographic  distribution  of  genus. — The  range  of  the  genus  Fiber  is 
essentially  the  same  as  that  given  for  the  type  species. 

Essential  characters  : 

Upper  incisors  with  anterior  faces  smooth. 
Lower  incisors  with  roots  on  onter  side  of  molars. 
Molars  rooted. 

Enamel  pattern  characterized  by  approximate  eqnality  of  reentrant  angles  on 
outer  and  inner  sides  of  molars. 
Feet  modified  for  swimming. 
Tail  flattened  laterally. 
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kull  ^lii;-.  ."iT"!  (lilViM's  vtM'v  sli 
at  il  is  ^'onsidoraMy  lar^tM-  than 
lattia-.  and  Ikk- 


lilly  IVotn  tbnt  of  Microtits 
in  any  know  n  six'cics  oC  (he 


Fig.  37.— Skull  ol   Fiber  zibethicvs 
(natural  size). 


a  i>roi>orlionally  loniior  ros- 
(niin.  Tho  bony  palalo  (Tl.  II,  iig*.  11^)  ro- 
soniblos  tliat  of  the  si)ec'ies  o)^  Alt 'wold  and 
\(0jib('r  ill  the  extension  forward  of  the  in- 
terpterygoid  fossa  and  supiiression  of  the 
shaping-  part  of  the  nu'dian  ridge.  Tlie  i)os- 
terior  border  is  tliiis  S(]iiarely  eiit  olf  imme- 
diately beliiiid  tlie  lateral  bridges.  A  vestige 
of  the  sloping  ridge  usually  ])ersists  in  the 
Ibrm  of  a  median  si)ine  prqjeeting  into  the 
interpterygoid  space.  The  skull  of  Fiber  is 
l)eeuliar  iu  the  expansion  of  the  squamosals 
on  the  dorsal  surlaee  of  the  skull  at  the  ex- 
pense of  the  i)arietals.  The  postorbital  proc- 
esses of  tlie  squamosals  form  prominent 
triangular  projections  closely  resembling 
those  of  Neofiher.  The  interparietal  is 
squarish  in  outline  and  usually  somewhat 
longer  transversely  than  antero-posteriorly. 

Tieth. — The  molars  are  all  rooted  in  the  adults  (fig.  38),  though  tlie 
roots  on  the  back  lower  tooth  are  usually 
less  well  developed  than  those  on  the 
others.  Otherwise  the  teeth  are  exactly 
as  in  Microtus.  The  enamel  pattern 
(fig.  39),  most  closely  resembles  that  of 
Microtns  {Xeofiber)  alJeni,  but  differs  in 
the  larger  anterior  loop  of  the  first  lower 
molar.  This  loop  is  cut  by  two  deep 
reentrant  angles,  which  often  isolate 
two  additional  closed  triangles,  making 
seven  in  all. 

Feet. — The  feet  are  large  and  so  formed 
that  they  can  be  turned  edgewise  when  carried  forward,  thus  producing 
the  least  possible  resistance  to  the  water  while  the  animal  is  swimming. 

This  character  is,  however,  to  a  certain  ex- 
tent, reproduced  in  the  more  aquatic  species 
of  Mierotus  and  can  not  be  considered  diag- 
nostic of  Fiber. 

MiHceUaneous  cliaracters. — The  tail  is  strong- 
ly compressed  laterally,  making  an  effective 
rudder.  The  peculiar  form  of  the  tail  is 
scarcely  noticeable  in  the  young  even  when 
large  enough  to  leave  the  nest,  but  develops 
rajiidly  as  the  animals  increase  in  size. 

The  fur  of  the  species  of  Fiber  is  highly  modified  to  i)roduce  a 


-Side  view  of  molars,  Fiber  zibeth- 
ICKS.  (xU.) 


Fig.  39.— Enamel  pattern  of  molar 
teeth,  Fiber  zibethicvJi.    (x  2\.) 
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tliorouylily  wiit(n  i)i(>()f  covering;'.  'I'lie  loiij^  liairs  aic  iciiuirkably  (;lose 
an<l  .iilossy,  ^  Iiilc.  tlie  under  fur  is  vcu'v  (Umisc.  In  tlic  (;liaia(;t('r  of  tlie 
i'liv  Fihrr  is  ai)j)roaclK'(l  by  some  of  tbc  a(|iiatic  sjiecies  of  Micro! its^ 
especially  M.  [Arricohi)  frrrcsfri.s  and  M.  (Xeojihrr)  aJleni. 

dcncrdl  rrttHir/.s. —  l-'lhcr  is  very  elosely  i-elated  to  Microtns.  fVoiii 
wliieli  it  is  (listin^iiisbed  1)\'  its  lljjttened,  iiiddei'-like  tail.an<]  rooted 
molars. 

In  addition  to  tbe  well-known  musk  rat,  Fiber  zihefliicus,  three  forms, 
wli(>se  interrelationsbii)s  are  not  yet  understood,  are  now  recoj^nized. 
These  are:  Fihrr  zibrtJiirtis  paUidns  ]\Iearns,  F,  o1>HniruH  lianas,  and 
F.  ri rdliciii.s  Ban^s. 

DESCRIPTIONS  OF  EXTINCT  GENERA  AND  SUBGENERA. 

Tliree  extinct  rodents  referred  by  authors  to  the  family  Microtinw 
liave  been  made  the  types  of  superspecihc  groups.  Two  of  these,  from 
the  Postpboeene  of  Pennsylvania,  are  subgenera  of  Microins-,  the  third, 
from  the  (Quaternary  ])hosphorites  of  Trara  de  Nedroma,  near  Ain- 
^lefta,  Tunis,  is  a  genus  of  doubtful  affinities.  As  these  groui)s  are 
necessarily  based  almost  wholly  on  dental  characters,  it  is  impossible 
to  describe  them  in  the  same  manner  as  the  living  genera  and  sub- 
genera. It  is  furthermore  impossible  to  form  a  clear  judgment  of  the 
validity  of  the  groups  in  question  without  examination  of  the  actual 
specimens.  Such  examination  I  have  not  'been  able  to  make.  Hence 
the  few  conclusions  here  reached  are  necessarily  incomplete  and 
unsatisfactor3\ 

The  genus  Bramus  Pomel  (Oomptes  Rendus,  Paris,  CXIV,  p.  lUlO, 
1892),  from  the  Quaternary  Phosphorites  of  Tunis  is  represented  by 
one  species,  Bramus  harharus  Pomel.  Of  this  animal  the  mandible  and 
the  teeth  of  both  jaws  are  known. ^  These  show  characters  which  sug- 
gest the  Castoridcv. 

'Les  molaires  inontreut  snr  leur  couroune  la  structure  do  celles  du  rat  d'eau,  dont 
dies  out  ;\  i)eu  prt-s  les  dimensions.  On  y  voit  une  double  sorie  d'encoelies  et  d'angles 
alternatifs  (iiii  corresi)ondent  lateralement  a  des  aretes  saillantes,  5  en  dedans  et  4  en 
dehors  ti  la  premiere  dent  inferieure,  3  de  cliaque  cote  aux  deux  suivantes  iuferieures 
et  aux  deux  premieres  supt^rieures  et  2  seulement  avec  arete  post^rieure  a  la  troisieme 
d'en-liant.  Cliez  ArvicoJa  cette  derniere  est  l)eaueoup  plus  complique'e,  ayaut  trois 
p.iires  d'aretes  et  uu  fort  eontrefort  posterieur.  Dans  la  fosslle  les  sillons  sont  inoins 
I)rofonds,  a  angles  moins  vifs,  ainsi  (jue  les  aretes,  et  les  lignes  dV'mail  ne  se  soudent 
pas  d'un  cote  a  I'autre  de  la  couroune,  ainsi  (ju'elles  le  font  cliez  Arvicola  ;  il  en  resulte 
une  lign,  m^diane  continue  de  dentine  sur  la  couronne,  an  lieu  d'une  serie  alternative 
de  petits  triangles  l)ordes  d'email;  de  sorte  que  la  dent  Arvicola  est,  en  realite, 
form(5e  de  deux  rangees  de  prismes  distincts,  tandis  que  celle  du  fossile  est  un  prisme 
unique  fortement  sillonne  sur  les  cutes.  II  y  a  plus  de  ressemblauee  avec  certains 
Gerbilles,  qui  ont  cependant  les  molaires  bien  moins  prismatiques  et  autrement 
coustituces. 

Les  molaires  des  Arvicola  ne  sont  jamais  radiculees  sauf  peut-etre  cliez  les  tres 
vieux  vsujets.  Dans  notre  fossile,  je  les  ai  trouvees  toujours  radiculees  dts  qu'elles 
percent  I'alveole  dentaire*  leur  fut,  quoiqne  francliement  prismatique,  est  bien  moins 
alloug6.    Ses  deux  racines,  a  la  verite,  sont  tres  longtemps  ouvertes  a  leur  extremite, 
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riio  molars,  wliii'h  are  rooliul,  do  not  dilVor  ('sstMitiall\-  in  onamol  pat- 
tern tVoni  those  ot"  liNinu'  species  ot"  Miootiis,  except  that  the  back 
upper  t»>oili  is  remarkably  simple  in  structure,  and  the  reentrant  anules 
in  all  the  teeth  are  so  shallow  that  the  triaiiiiies  are  open,  \\  hile  tlu^ 
front  h>\ver  molar  has  nine  salient  angles,  as  in  typical  Microfiis^  the  pos- 
terior nnixillary  tooth  has  only  tour  and  a  very  small  terminal  loo]). 
The  author  remarks  that  the  open  triangles  give  the  teeth  of  lirainns  a. 
resend>lance  to  those  of  some  of  the  (To  biUidir,  but  this  likeness  must 
be  very  superlieial.  The  most  remarkable  character  of  Bramus  is  the 
form  of  the  mandible,  which  is  like  that  of  Castor  and  very  unlike  that 
of  any  of  the  ^[url(^(r.  It  is  jH'obable  that  Ilrdnnis  is  the  type  of  a  group 
difteriug  too  widely  from  any  of  the  recent  Microtina'  to  be  united  with 
them  in  one  subfamily. 

The  subgenera  Isodelta  and  Anapto<ionia  were  described  by  Prof. 
K.  ]).  Cope  in  1873  (Proc.  Amer.  Philos.  Soc,  XII,  p.  87).  Both  are 
based  on  teeth  from  the  Postpliocene  deposit  in  Port  Kennedy  Cave, 
Pennsylvauia.  Anaptixjonia  is  very  different  from  any  of  the  living 
subgenera  of  Microfus — so  ditierent  that,  as  Professor  Cope  suggests, 
it  may  be  eventuall}^  recognized  as  a  distinct  genus.  Isodelia,  on  the 
other  hand,  is  hardh'  separable  from  Fiiymijs^  since  the  characters 
pointed  out  as  diagnostic  of  the  two  groups  are  not  beyond  the  range 
of  variation  among  the  species  of  one  subgenus. 

The  original  description  of  Microfus  hiatidens,  the  type  of  the  mh- 
genus  A)ia2)togonia,  is  as  follows: 

Represeuted  by  several  molar  teeth.  The.se  are  several  times  as  large  as  the  teeth 
occupying  the  same  position  in  any  of  the  species  already  mentioned  in  this  essay, 
and  suggest  the  genus  Fiber.  The  distinctive  features  of  the  latter  are  the  com- 
pressed, oar-like  tail,  with  rooted  molars,  and  it  is  evident  that  the  relationship  of 
this  species  is  not  to  it.  Perhaps  it  is  neither  an  ^cjcoZa  (sic.)  [  =  J//c>-o/»s]  nor  a 
Fiber,  since  it  differs  in  the  structure  of  the  teeth  from  the  known  species  of  both. 
None  of  the  triangles  are  isolated,  but  are  connected  by  a  narrow  strip  of  dentine, 
which  is  narrow  posteriorly,  but  widens  anteriorly  until  it  opens  out  into  the  ter- 
jninal  loop.  Thus  the  sectional  name  Anajyiogonia  maybe  found  ultimately  appli- 
cable to  a  separate  genus.  The  separation  of  the  enamel  folds  merely  carries  to  th(." 
highest  degree  that  which  is  seen  in  the  anterior  part  of  the  tooth  of  A.  sigmodus. 

In  the  inferior  m  1  the  triangles,  which  do  not  open  on  one  side  to  the  anterior 
loop,  are  1^,  then  one  on  each  side,  and  the  short,  wide,  terminal  loop,  which  is 
bilobed  or  emarginate  in  the  middle  of  the  end.  The  ridges,  which  are  very  promi- 
nent and  acute,  are,  therefore,  ^;  at  the  extremity  there  are  two  short  ones,  between 

mais  elles  sont  de  bonne  heure  parfaitement  distinctes  I'uue  de  I'autre.  La  troisieme 
molaire  infdrieure,  un  j)eu  plus  arquee  que  dans  ArvicoJa,  ne  descend  pas  a  la  face 
interne  de  I'incisive,  mais  reste  tout  5i  fait  au-dessus,  et  ses  racines  seules  s'insinuent 
un  peu  latdralemeiit  sur  cette  face. 

L'os  mandibulaire  presente  des  differences  beauconp  plus  iniportantes.  Son 
apophyse  angulaire,  restant  presque  dans  le  plan  gdndral  de  l'os,  ne  fait  en  arriere 
qu'une  l(^gere  saillie  bordant  la  branche  montante,  qu'elle  suit  tres  haut  sous  le 
condyle  pour  se  terminer  en  simple  x>etit  cran.  II  y  a  une  grande  analogic  de  forme 
avec  ce  que  Ton  voit  chez  les  Castors.  Dans  ArvicoJa,  an  contraire,  Tapophyse 
angulaire  est  basse  et  se  rejette  oblifpieraent  en  arriere  en  forme  de  cuilleron  forte- 
ment  crochii  ct  tordu,  rappelant  du  reste,  sauf  cette  torsion  la  disposition  de  cette 
partie  chez  les  autres  Muridcs. 
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which  M  third  and  mow.  ])r<>niiii(Mit  oiks  riK«,-s  a  litth-  l  elow  th(i  •^rindin^  Hurfaef.  A 
little  more  attrition  would  j^ivc  the  distal  loop  a  trilobate  outlin<',  and  a  little  iiion-, 
an  aenniinatc  one,  I'roni  tlic  loss  of  the  lateral  Musics;  finally  the  median  ri(l^(j 
(lisappears  also. 

Tlie  sub.^'ciiiis  IstHlrlfa  is  considered  hy  Trofessor  ( 'ojxi  to  show  an 
exaggeration  ol"  tlie  eliaracteis  of  I^ili/ntijs.  T\\(t  type  and  only  known 
speeies,  Mirrotxs  speotJicn^  is  deseiibed  as  follows: 

This  8peei(;s  is  leprescntcd  by  the  cntne  dentition  of  the  h  it  raniuH  niandihuli, 
with  a  few  fragments  of  the  adjacent  l)ono.  As  already  ])oint»,'d  out,  its  characters 
entitle  it  to  rank  as  a  <. istin(-t  section  of  the  geuns.  Thus,  the  triangle's  of  the  inner 
side  of  the  anterior  inferior  molar  are  one  less  than  in  any  species  of  the  section 
An-'icola  [  =  ^\/icro</<.s].  The  anterior  loop  presents  two  w^ell-rnarked  angular  basal 
areas,  while  its  terminal  ]i)orti()n  is  regularly  rounded.  *  *  *  That  this  is  not  one 
of  the  species  of  rUi/mij-s,  in  which  the  basal  lobe  of  the  anterior  trefoil  has  been  cut 
olf  by  unusual  inflexion  of  the  enamel  angle,  is  demonstrated  by  the  structure  of  the 
second  moba>  which  is  precisely  that  of  typical  Arvicohi  =  Microiuh'],  all  the  tri- 
angles from  the  posterior  being  isolated  and  alternating,  producing  the  fornnila 
1  i  0.  The  third  mcdar  has  the  usual  formula,  l-l-l,  the  posterior  two  lobes  being 
crescentic,  the  anterior  trapezoid. 

NOTE  ON  AKVICOLA  INTEKMEDIT  S  NEWTON. 

Ill  a  paper  entitled  '  The  Vertebrata  of  the  Forest  Bed  Series  of 
Norfolk  and  Suttblk' '  Mr.  K.  T.  Newton  describes  naiiierous  reiiiainn 
of  a  iiiicrotiue  rodent  with  well-developed  fangs  on  the  molar  teeth  and 
intermediate  in  size  between  Arvicola  amphibhis  [=Microtus  ferres- 
tris]  and  the  smaller  voles.  This  animal,  which  Mr.  Newton  named 
Arvicola  intermedms^  has  been  recently  referred  to  the  genus  Phena- 
comys^^  While  the  species  is  certainly  not  an  Arvicola  [=Microtus],  it 
appears  to  be  equally  far  removed  from  Pkenacoinys  and  probably  from 
Evotomys  and  Fiber  also.    The  teeth  are  described  as  follows: 

I  have  now  before  me  about  40  v<de  jaws  from  the  "  Forest  Bed  "  which,  although 
differing  somewhat  in  size,  agree  precisely  in  the  patterns  of  their  teeth.  Only  14 
of  these  aUow  the  bases  of  their  teeth  to  be  seen,  but  nine  of  these  have  more  or 
less  distinct  fangs;  the  other  five  have  no  fangs,  but  are  most  j^robably  immature, 
as  in  other  particulars  they  agree  precisely.  I  have  likewise  some  hundreds  of  iso- 
lated molar  teeth,  and  a  very  large  proportion  of  these  are  fanged.  -  -  -  The 
great  variation  in  the  size  of  these  fanged  teeth  would  lead  one  to  suspect  that  they 
represent  more  than  one  species,  but  there  are  no  sufficient  grounds  for  their  separa- 
tion. *  ^  *  The  patterns  of  the  grinding  teeth  are  so  nearly  like  those  of  A. 
amphibius  as  scarcely  to  need  descriiition,  and  it  is  on  the  presence  of  fangs  in  the 
adult  that  the  chief  distinction  between  the  two  species  rests;  nevertheless,  there 
are  a  few  points  deserving  of  notice.  In  one  of  the  largest  and  most  perfect  man- 
dibular rami  (figs.  3,  3a)  the  entire  molar  series,  measured  along  the  alveolar  margin, 
is  0.83  inch  (8.5  mm. ).  Mr.  Eeeves's  specimen,  from  the  Bramerton  Crag  (fig.  12),  is  a 
little  larger.  The  first  molar  has  the  five  inner  and  four  outer  angles  alternating, 
hut  the  anterior  two  are  not  so  prominent  as  is  usually  the  case  in  A.  ampldhius,  and 
the  front  of  the  tooth  is  somewhat  more  rounded  (fig.  3/^).  In  the  Bramerton  jaw 
this  is  especially  the  case  (fig.  12a).  All  the  anterior  lower  teeth  from  the  ^'Forest 
Bed''  series  which  I  have  seen  have  the  infoldings  of  the  enamel  behind  the  ante- 
rior prism  less  deep  than  in  those  examples  of  A.  am2)1iibius  which  I  have  been  able 

1  Memoirs  of  the  Geological  Survey.  England  and  Wales.    London,  1882. 
-Nehring,  Natnrwissenschaftliche  Wochenschrift,  Xr.  28,  July  15,  1894. 
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to  exauiiiu';  ami  honco  tlu>  (U'ntinal  jnntion  of  tlir  ai\torior  i)ri8in  is  more  witloly 
ooullutMit  with  the  seooiul  iiiiu'r  ami  outer  prisms;  it  is.  in  lact.  an  exa«j:«xeration  of 
tlie  i'ovm  imlieated  by  lUasins.  (Siiuijetlnero  Dentschhinds,  ]>.  'M')).    'V\u^  second 

molar  has  tliree  inn«'r  an<l  three  outer  anijU's  altcrnatinu.  Tht*  third  niolar  has  like- 
wise three  inn»'r  and  thrt'e  outer  aui^los.  l>ut  the  alternation  of  the  ]trisms  is  so  slight 
that  the  «)pi>osinir  inner  and  out»T  prisms  are  eonllnent .  I  :im  not  ac(iuainted 

with  any  speeimen  which  shows  the  three  up])er  niolars  in  ]>lace.  but  ^Ir.  Savin  has 
two  8i>ecinu'ns  which  retain  the  lirst  and  second  up[)er  grinders  ((ig.  1),  and  Mr. 
Krid  h:i?  obtained  several  isolated  specimens  of  last  upper  molars.  The  anterior 
up]>er  molar  ^tig.  \o)  has  three  inner  and  three  outer  angles  alternating;  the  second 
tooth  has  three  outer  and  two  inner  angles  alternating.  The  third  ni)])er  molars 
vary  somewhat;  in  some  only  three  inner  and  three  outer  angles  can  be  counted 
(rig.  2a),  while  others  have  three  inner  and  four  outer  angles.  The  widely  continent 
character  of  the  front  prisms  of  the  lower  anterior  molar  is  repeated  in  these  hinder 
upper  ones.  It  will  be  noticed  that  in  all  lilasius's  figures  of  the  last  upper  teeth 
(I.e.,  p.  345)  the  anterior  inner  fold  (cement  space)  and  the  two  anterior  outer 
folds  extend  across  the  teeth  and  meet  the  enamel  of  the  opposite  side,  while  in 
one  case  (fig.  190)  the  two  inner  folds  pass  across.  Now,  in  most  of  the  teeth  under 
consideration  it  is  only  the  one  anterior  inner  and  one  anterior  outer  fold  which  pass 
across;  in  some  instances  the  second  outer  fold  passes  farther  inward.  ])ut  I  do  not 
think  that  in  any  instance  it  touches  the  oj^posite  side. 

The  teeth  of  'Arricola''  intermediufi  differ  in  numerous  characters 
•  from  those  of  Fiber,  Evotomys,  and  Phenacomys,  the  only  known  hving 

microtines  with  rooted  mohirs.  The  small 
A,p^/v  size  of  the  remains  and  the  simple  struc- 
\Mj%^  ture  of  the  first  lower  molar  are  sufficient 
to  indicate  that  the  animal  is  not  closely 
related  to  Fiber,  although  tlie  character  of 
the  roots  of  the  molars,  as  shown  in  ligs. 

riG.40._EnamelpatternofTnolarteeth,    5  Q  ^^^^^  7  ^^f  pi^  XIII,  is  StrOllo'ly  SUg'geSt- 

Ariicola  iatenneclius.  From  J^ewton.  o  - 

ive  of  this  genus.  Tlie  figure  of  tlie  inner 
side  of  the  lower  jaw  (PI.  XIII,  fig.  3^/)  suggests  that  the  posterior  molar 
is  strongly  displaced  by  the  shaft  of  the  incisor,  as  in  MicrotuH.  This 
character  alone  would  show  that  the  sx^ecies  is  neither  an  Ei'ofomys  nor 
a  Plienacomys ;  but  the  peculiarities  of  the  enamel  pattern  furnish  addi- 
tional reasons  for  its  exclusion  from  these  genera.  The  enamel  pattern 
(fig.  40)  is,  as  Mr.  Xewton  remarks,  almost  exactly  like  that  of  Mierotus 
ferresfris  (see  fig.  34).  It  thus  lacks  the  deep  reentrant  angles  on  the 
inner  side  of  the  lower  molars  characteristic  of  Fhenacomys,  and  the 
rounded  salient  angles  and  opposite  triangles  characteristic  of  Fvo- 
tomys.  The  last  lower  molar  in  j)articular  is  noticeably  different  from 
that  of  either  Frotornys  or  Phenacomys.  '•ArrieoJa '  iiiferwefllys  is  appar- 
ently still  further  removed  from  Frotomys  by  the  large  size  of  tlie  teeth 
as  compared  with  the  jaw.  There  can  be  little  doubt  that  the  animal 
r<^presents  a  genus  distinct  from  any  now  lis  ing.^  In  the  absence  of 
specimens,  however,  nothing  would  be  gained  by  an  attemiit  to  name 
and  define  the  group. 

'  Whether  the  rooted  microtine  teeth  mentioned  by  Nehring  (Naturuissenschaftliche 
Wochenschrift,  Nr.  28,  July  1894)  and  by  Forsyth  Major  (Atti  Soc.  Ital.  8ci.  Nat,, 
X^',  p.  889;  belong  to  animals  congeneric  with  Jrvicola  iniermedius  is  i)urely  a  matter 
of  conjecture. 
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PLATK  T. 


[Enlarged  one  and  om-  liall'  tinu'S-l 

Fic;.    1.  Microtns  \^Arvicola)  macrojiii.^.    Wood  Ixivcr.  Idaho. 
^Xo.  31630,  r.  S.  Nat.  Mns.) 

2.  Microiits  {PUi/mi/s)  pinetorHm.    WaBhington,  D.  C. 

(No.  30332,  U.  S.  Nat.  Mns.) 

3.  Microtns  (Ificrotus)  arvalls.    Ccpiii,  nea.  Ess/.ek,  Slavouia, 

(Xo.  3035,  coUectiou  of  Gerrit  S.  Miller,  jr.) 

4.  Ju'otomys.    Portland,  X.  Dak. 

(Xo.  35835,  U.  S.  Nat.  Mns.) 

5.  Pheuacomijs  oramoutis  Ehoads.    Mount  Baker  Range,  British  Columbia. 

(X"o.  3562,  coUection  of  Gerrit  8.  Miller,  jr.) 

6.  Lemmus  nigripes.    St.  George  Island,  Alaska. 

(Xo.  42680,  U.  S.  Xat.  3Ius.) 

7.  Microtns  (Lagurus)  curtains.    Reese  River,  X^evada. 

(Xo.  32498,  U.  S.  Nat.  Mus.) 

8.  Aficrotus  (ChUotus)  oregonl.    Samas,  British  Columbia. 

(X^'o.  4160,  collection  of  Gerrit  S.  Miller,  jr.) 

9.  Microtns  (Arvicola)  terrestris.    Braunschweig,  Germany. 

(No,  1934,  collection  of  C.  Hart  Merriam.) 

10.  Microtns  (JJticola)  alhicanda.    Type.    Braldu  Vjillcy,  Ballistan. 

(Xo.  36916,  U.  S.  Xat.  Mus.; 

11.  Microtns  {Huperacrius)  fertilis.    Pir  Panjal  Range,  Kashmir. 

(Xo.  35511,  U.  S.  Nat.  Mus.j 

12.  Synaptom]js  (Miciomys)  u-rangeli.    AVrangel,  Alaska. 

(Xo.  74720,  U.  S.  Nat.  Mus.) 

13.  Sijnaptomi/s  {Synaptomija)  lielaleics.    Dismal  Swamp,  Virginia. 

(Xo.  75172,  U.  8.  Nat.  Mus.) 

14.  Dicroxtoxi/x  iorquatns.    Petschora,  Russia. 

(Xo.  3621,  colhiction  of  Gerrit  S.  Miller,  jr.) 
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PLATE  II. 


[Eiilar-ii'd  two  aiul  oiio-halC  t  iinos.] 

1.  l^ouy  iMxhiio  of  I'henacomys.    Saliuoii  Kiver  jMoiiutaius,  Idalio. 

vNo.  31211),  U.  S.  Nat.Mus.) 

2.  Hoiiy  palate  of  Microius  (Laffunis)  paWulus.    Reese  Kiver,  Kevada. 

^Xo.  82498,  V.  S.  Xat.  :^i^ls.) 
i>.  liony  palate  of  J//c;v>//(6'  {Pihimi/s)  piuetorum.    Was'hinf^ton,  1),  C. 

(No.  30332,  U.  8.  Xat.  Mus.) 
1.  Hony  palate  of  Microtus  (Alticola)  hlanfordi.    Nnltar  Valley,  Kasliniir. 

(British  Museum  Re«,nstcr,  81.  3. 1.  23.) 

5.  Houy  palate  of  Micrt>li(.-:i  [  .^/icrotus)  (n-valis.    Geneva,  Switzerland. 

(Britisli  Museum  IJegi^ster,  79.  9.  25.  52.) 

6.  Hony  palate  of  Jlicrottis  {Lagurus)  lagurus.    Gurjeff,  Russia. 

(No.  3619,  collection  of  Gerrit  S.  Miller,  jr.) 

7.  Bony  palate  of  Microtus  (Arvicola)  arvicoloides.    Type.     Lake  Kiclielos, 

Washington. 

(Xo.  1358,  collection  of  S.  N.  Rhoads.) 

8.  Bony  i)c\la,te  of  Microtus  {Anteliomys)  chinensis.    Type.    Western  Sze-chuen, 

China. 

(British  Museum  Register.) 

9.  Bony  palate  of  Microtus  [Xeojiher)  alleni.  Florida. 

(No.  23452,  U.  S.  Xat.  Mus.) 

10.  Bony  Y*iih\te>  oi  Evotomijs  glareolus.    Christiania,  Xorway. 

(British  Museum  Register,  84.  10.  31.  11.) 

10.    View  perijendicular  to  plain  of  palate. 

10a.  View  from  below  and  behind  at  strong  angle  with  plain  of 
palate. 

11.  Bony  palate  of  Microtus  (Eothenomys)  melanogaster.    \A' estern  Fokien,  China. 

(British  Museum  Register,  92. 10. 12.  52.) 

12.  Bony  palate  of  Dicrostonyx  torquatus.    Petschora,  Russia. 

(Xo.  3621,  collection  of  Gerrit  S.  Miller,  jr.) 

13.  Bony  palate  of  Filjer.    Lake  George,  New  York. 

(Xo.  67689,  U.  S.  Nat.  Mus.) 

14.  Bony  palate  of  Lemmus  lemmus.    Vola.    (From  Kt.  Petersburg  Museum. > 

(No.  3620,  collection  of  Gerrit  S.  Miller,  jr.) 
14.    View  perjjendicular  to  plain  of  pali.te. 

14a.  View  from  below  and  behind  at  s  rong  angle  with  plain  of 
palate. 
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PLATE  III. 

[Enlarged  two  and  two-thirds  times.] 

Fig.  1.  Sifnaj>tomys  cooperi.    Roan  Mountain,  North  ("arolina. 
(No.  50865,  r.  S.  Nat.  Mus.) 

1.  Left  mandible  from  beneath ;  bone  cut  away  to  expose  roots  of 

teeth. 

Irt.  Left  mandible  from  inner  side;  bone  cut  away  to  expose  roots  of 
teeth. 

2.  rheuacomys  oramontis  Ehoads.    Mount  Balder,  British  Columbia. 

(No.  3562,  collection  of  Gerrit  S.  Miller,  jr.) 

2.  Left  mandible  from  beneath;  bone  cut  away  to  expose  roots  of 

teeth. 

2a.  Left  mandible  from  inner  side;  bone  cut  away  to  expose  roots  of 
teeth. 

3.  ATlcrotun  j^emisylvanicus.  West  Tisbury,  Mass. 

(No.  1885,  collection  of  Gerrit  S.  Miller,  jr.) 

3.  Left  mandible  from  beueath;  bone  cut  away  to  expose  roots  of 

teeth. 

3a.  Left  mandible  from  inner  side  ;  bone  cut  away  to  expose  roots  of 
teeth. 

i.  Evotomys  yapj^eri.    Seekonk,  Mass. 

(No.  193,  collection  of  Gerrit  8.  Miller,  jr.) 

Left  mandible  showing  effect  of  excessive  wear  on  teeth. 
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1.  SynajJtomys. 

2.  Phenacomys. 


3.  Microtus. 

4.  £i-utoinys. 


